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PREFACE TO THE SECOND EDITION. 



The purpose of this book is to present the information in such a form as 
will make it most useful to the practical engineer engaged in the 
application of pumping machinery in mines and elsewhere, or in circum- 
stances under which large quantities of water have to be dealt with. 

A large number of illustrations are therefore given, which will fully 
exemplify the best methods of procedure to be adopted in the general run 
of cases, and also the modifications required to overcome the special 
difficulties which are occasionally met with. In some of these special cases 
the machinery was designed by myself. A considerable proportion of the 
figures are reduced copies of the working drawings used in the execution 
of various important undertakings. 

The information on ' pit work ' is based on actual examples, and is put 
in the form best adapted to the needs of the resident engineer. 

In the chapter on steam engines, the term * efficiency ratio ' has been 
adopted, as it allows of a comparison being made between what is actually 
done and what is theoretically possible, although the absolute thermal 
efficiency represents heat economy. 

Types of machinery are described for the purpose of illustrating 
general principles only, no account being taken of the modifications by 
any particular individual. 

I have to acknowledge the courtesy of the Institutions of Civil and of 
Mechaniccd Engineen for allowing me to make the extracts which I have 
taken from their Transactions, and my indebtedness to the authors who 
have supplied me with accounts of engine trials, and other information. 

I have also to acknowledge the courtesy of the Editors of Engineering 

and The Engineer for allowing me to take extracts and illustrations from 

their publications. 

HENRY DAVEY. 

Jviy 1906. 
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CHAPTEE I. 

EARLY fflSTORY OF PUMPING-BNGINBS. 

History. — The elastic property of steam must have been observed in the 
earliest period of man's history, but we have no record of its applica- 
tion for power purposes earlier than 130 years before the Christian era. 
At that time Hero the Elder, a philosopher of Alexandria in the reign of 
Ptolemy Philadelphus, produced many mechanical contrivances, and among 
them a rotary steam engine, a mere toy, but an engine actuated by the 
reaction of a jet of steam. 

The first person in modem times who applied the power of steam to 
moving mechanism was an Italian mathematician, Giovanni Branca, who 
lived in Bome in the beginning of the seventeenth century. His invention 
consisted in making a jet of steam from a boiler impinge on the vanes of a 
wheel constructed like a water-wheel. In both inventions we have rotary 
motion directly imparted to the mechanism by the reaction of a steam jet. 
These inventions were the forerunners of the steam turbine of to-day. It 
was not, however, by the extension of that principle that the steam engine 
oame into existence as a commercially valuable machine. The first 
practical application of the power of steam, as far as we know, was to raise 
water. In very early times small water jets or fountains were produced 
by the elastic force of steam acting on the surface of water in a vessel from 
which a pipe conducted the water to a jet or nozzle. It would appear to 
be an easy step in the invention of the steam engine, from steam pressure 
on the surface of the water, to steam pressing on a piston transmitting the 
pressure to the water ; but aU the early attempts in employing steam to 
raise water were on the principle of the modem pulsometer, but were not 
self-acting. 

In 1698 Saver y obtained a patent for raising water by the elasticity of 
steam, and in 1699 he had erected some engines and made a trial of one 
before members of the Royal Society. We take the following illustration 

I 
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and discussion on Savery's engine from Stuart's History of the Steam 
Engine^ published in 1826 : — 

"The first thing," sajs the ingenious inventor, "is to fix the engine 




Fio. 1.— Savory's Engine. 

(fig. 1) in a good double furnace, so contrived that the flame of your fire 
may circulate round and encompass your two boilers, as you do coppers for 
brewing. Before you make any fire unscrew G and N, being the two small 
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gauge pipes and cooks belonging to the two boilers, and at the holes fill L, 
the great boiler, two-thirds full of water, and D, the small boiler, quite full. 
Then screw in the said pipes again as fast and as tight as possible. Then 
light the fire at h, and when the water in L boils, the handle of the 
regulator, marked Z, must be thrust from you, as far as it wUl go, which 
makes all the steam rising in the water in L pass with irresistible force 
through into P, pushing out all the air before it^ through the clack r, 
making a noise as it goes ; and when all is gone out, the bottom of the 
vessel P will be very hot. Then pull the handle of the regulator to you, 
by which means you stop 0, and force your steam through o into P^, 
until that vessel has discharged its air through the clack R up the force- 
pipe S. In the meantime, by the steam's condensing in the vessel P, 
vacuum or emptiness is created, so that the water must and will necessarily 
rise up through the sucking-pipe T, lifting up the clack M, and filling the 
vessel P. 

"In the meantime, the vessel Pjp being emptied of its air, turn the 
handle of the regulator from you again, and the force is upon the surface 
of the water in P, which surface being only heated by the steam, it does 
not condense it, but the steam gravitates or presses with an elastic quality 
like air, still increasing its elasticity or spring till it coimterpoises, or 
rather exceeds, the weight of the water ascending in S, the forcing pipe, 
out of which the water in it will be immediately discharged, when once 
gotten to the top, which takes up some time to recover that power ; which 
having once got, and being in work, it is easy for anyone that never saw 
the engine, after half an hour's experience, to keep a constant stream 
running out the full bore of the pipe. On the outside of the vessel you 
may see how the water goes as well as if the vessel were transparent ; for 
as far as the steam continues within the vessel, so far is the vessel dry 
without, and so veiy hot as scarce to endure the least touch of the hand. 
But as far as the water is, the said vessel will be cold and wet where any 
water has fallen on it» which cold and moisture vanishes as fast as the 
steam in its descent takes the place of the water ; but if you force all the 
water out, the steam, or a small part thereof, going through R will rattle 
the clack, so as to give sufficient notice to pull the handle of the regulator 
to you, which, at the same time, begins to force out the water from Pjp, 
without the least alteration of the stream ; only sometimes the stream of 
water will be somewhat stronger than before, if you pull the handle of the 
regulator before any considerable quantity of steam be gone up the clack 
R : but it is much better to let none of the steam go off (for that is but 
losing so much strength, and is easily prevented by pulling the regulator 
some little time before the vessel forcing is quite emptied). This being 
done, immediately turn the cock or pipe Y of the cistern X on P, so that 
the water proceeding from X through Y (which is never open but when 
turned on P, or P ^;, but when between them is tight and stanch), I say, 
the water falling on P causes, by its coolness, the steam (which had such great 
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force just before, from its elastic power) to condense, and become a vacuum 
or empty space, so that the yessel P is, by the external air, or what is 
vulgarly called suction, completely refilled while P j> is emptying. Which 
being done, you push the handle of the regulator from you, and throw the 
force on P, pulling the condensing pipe over P p^ causing the steam in that 
yessel to condense, so that it fills while the other empties ; the labour of 
turning these two parts of the engine — viz., the regulator and water-cock 
— and tending the fire being no more than what a boy's strength can perform 
for a day together, and is as easily learned as their driving of a horse in 
a tub-gin; yet, after all, I would have men, and those, too, the most 
apprehensive, employed in working the engine, supposing them more 
careful than boys.'' 

'* In case it should be objected that the boiler must in some certain time 
be emptied, so as the work of the engine must stop to replenish the boiler, 
or endanger the burning out or melting the bottom of the boiler : to obviate 
this, when it is thought fit by the person tending the engine to replenish the 
great boiler, which requires an hour and a half or two hours' time to the sink- 
ing of one foot of water, then, I say, by turning the cock E of the small 
boiler D, you cut off all communication between the great force-pipe S and 
the small boiler D ; by which means D grows immediately hot) by throwing 
a little fire into B, and the water of which boils, and in a very little time it 
gains more strength than the great boiler, for the force of the great boiler 
being perpetually spending and going out, and the other winding up, or in- 
creasing, it is not long before the force in D exceeds that in L ; so that the 
water in D, being depressed by its own steam or vapour, must necessarily 
rise through the pipe H, opening the clack I, and so go through the pipe K 
into L, running till the surface of the water in D is equal to the bottom of 
the pipe H. Then, steam and water going together, will, by a noise in the 
clack I, give sufficient assurance that D has discharged and emptied itself 
into L, to within eight inches of the bottom ; and inasmuch as from the 
top of D to the bottom of its pipe H \a contained about as much water as 
will replenish L one foot. Then you open the cock E, and refill D imme- 
diately, so that here is a constant motion, without fear or danger of dis- 
order or decay. If you would at any time know if the great boiler be 
more than half exhausted, turn the small cock N, whose pipe will deliver 
water, if the water be above the level of its bottom, which is half way 
down the boiler j if not it will deliver steam. So, likewise, it will show 
you if you have more or less than eight inches of water in D, by which 
means nothing but a stupid and wilful neglect^ or mischievous design, 
carried on for some hours, can any ways hurt the engine. And if a master 
is suspicious of the design of a servant to do mischief, it is easily discovered 
by these gauge pipes ; for if he come when the engine is at work, and find 
the surface of the water in L below the bottom of the gauge-pipe N, or 
the water in D below the bottom of G, such a servant deserves correction ; 
though, three hours after that^ the working on would not damage or 
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exhaust the boilers. So that, in a word, the clacks being, in all water- 
works, always found the better the longer they are used; and aU the 
moving parts in our engine being of like nature, the furnace being made 
of Stourbridge, or Windsor brick, or fire stone. I do not see it possible 
for the engine to decay in many years ; for the clacks, boxes and mitre 
pipes, regulator, and cocks are all of brass, and the vessels made of the 
best hammered copper, of sufficient thickness to sustain the force of the 
working of the engine. In short, the engine is so naturally adapted to 
perform what is required, that even those of the most ordinary and 
meanest capacity may work it for some years without its receiving any 
injury, if not hired or employed by some base person on purpose to 
destroy it." 

This engine Savery applied for raising water for palaces, gentlemen's 
seats, draining fens, and supplying houses with water in general, and 
pumping water from ships; and he erected many of them in different 
parts of England. The power of his engine he limited only by the 
strength of the pipes and vessels ; " for," he says, ^' I wiU raise you water 
600 or 1000 feet high, could you find us a way to procure strength enough 
for such an immense weight as a pillar of water that height; but my 
engine at 60, 70, or 80 feet raises a full bore of water with much ease." 
And comparing this performance of his machine with that by manual 
labour, he continues : *' I have known, in Cornwall, a work with three lifts 
of about 18 feet each, lift and carry a 3^4noh bore, that costs forty-two 
shillings a day (reckoning twenty-four hours a day) for labour, besides 
the wear and tear of engines, each pump having four men working eight 
hours, at fourteenpence a man, and the men obliged to rest at least a 
third part of that time. I dare undertake that the engine shall raise 
you as much water for eightpence as will cost you a shilling to raise the 
like with your old engines, in coal pits, which is thirty-three pounds six 
shillings and eight-pence saved out of every hundred pounds; a brave 
estate gained in one year out of such great works 1 where £3000, £6000, 
or it may be £8000 per annum is expended for clearing their mines of 
water only, besides the charge and repair of engines, gins, horses, etc." 

In 1705 we find Savery associated with Newcomen and Gawley in a 
patent for condensing the steam introduced under a piston and producing 
a reciprocating motion by attaching it to a lever. Here was a combination 
of Savory's method of forming a vacuum with Newcomen's piston and 
attachment for producing a reciprocating motion for the purpose of working 
pumps. 

The first Newcomen Engine (fig. 2) consisted of an open-topped cylinder, 
the piston of which was attached by means of a chain to a quadrant end 
of a reciprocating beam, the opposite end of the beam being attached in a 
similar manner to the rod of the pump ; the bottom of the steam cylinder 
had a pipe leading to the boiler, in which was placed a stop-cock ; there 
was also a drain pipe from the bottom of the cylinder to drain away the 
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water fonned by the condensed steam; the cylinder itself was wholly 
enclosed in another cylinder of larger diameter, the annular space being 
filled with water for the purpose of condensing the steam. The engine 
was €M)tuated in the following manner: — Steam was first admitted into 
the cylinder until it was filled with steam, then the communication with 
the boiler was shut ofif, until the cold water surrounding the cylinder had 
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Fio. 2. — Newcomen's Engine. 

condensed the steam, thus forming a vacuum ; the atmospheric pressure 
on the top of the piston then caused its descent, and the operation was 
repeated. A layer of water was kept on the top of the piston for the 
purpose of making it air-tight. The motion of the engine was a very 
slow one, especially as regards the indoor or pumping stroke, because of 
the time required to condense the steam in the cylinder by the transmission 
of heat through the metal of the cylinder. 

It accidentally happened, however, in the working of one of Newcomen's 
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engines, that a defect in the piston allowed the water above it to pass 
in the form of a jet into the cylinder. This caused the condensa- 
tion to become much more rapid, and the engine made a quicker 
stroke in consequence This accident led to the abandonment of 
condensing by means of cooling the outside of the cylinder and to 
injection of water into the cylinder being adopted (fig 3); a further 
improvement was effected in working the injection cock automatically 
by means of a buoy enclosed in a pipe attached to the cylinder. Even 
with this imperfect mechanism the engines were able to make from six 
to eight strokes per minute, and it is said that a boy named Humphrey 
Potter, who attended an engine, added a catch or scoggan, which in- 
creased the speed of the engine to fifteen or sixteen strokes per minute. 
We have no record what the contrivance was. The buoy which was 
employed to make the opening and closing of the injection valve self-acting 
might also have been made to lift a 
weight held by a catch and released by 
the motion of the beam, for the pur- 
pose of working the steam cock, and it 
is very possible that the word ' buoy ' 
has been confounded with the word 



*boy.' It is hardly likely that boys ^ 
were entrusted with the working of w 
engines requiring so much attention vs 
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Fio. 8. — Newcomen's Engine with 
injection in the Cylinder. 



and adjustment. 

The buoy employed to make the 
engin&icock self-acting was the be- 
ginning of the complete automatic 
action of the engine itself, and in- 
volved a principle which is embodied 
in all the automatic valve gears of non-rotative engines which have since 
been produced. 

The first complete automatic engine of which we have any record is 
that by M. Francois, Professor of Philosophy at Lausanne, who proposed 
to work a pumping-engine on Savery's plan, giving motion to the stop- 
cocks by means of a tumbling water bucket turning on a pivot. The 
bucket was filled by a constant stream from a pipe, and when full toppled 
over, giving motion to the stop-cock, and becoming empty, a counter 
weight brought it back to its original position. 

We do not know that Savery's engines were ever made automatic in 
this or any other way, but the Newcomen engine was made completely 
automatic by the valve gear designed by Mr Henry Beighton, an engineer 
of Newcastle-on-Tyne, in 1718. The leading feature in this gear was that 
of a tumbling weight which was raised during the stroke of the engine, so 
as to tumble over when the engine had completed its stroke, thereby opening 
the cocks or valves for the commencement of the return stroke ; the weight 
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tumbling in the one direction opened and closed the yalves for one stroke, 
and tumbling in the other direction opened and closed the valves for 
the return stroke. 

In Plate II. is reproduced from Pryce's Mineralogia Comubieruis^ 
bj William Pryce of Redruth, published in 1778, an illustration of the 
Newcomen engine of that day. 

In 1758 Emerson described in detail the Newcomen engine of that 
day. The description is so excellent that it is here reproduced, omitting 
the letters of reference to an accompanying engraving; the description 
is clear enough without the engraving. It will be observed that the 
dimensions are given of an engine and pumps, and the reported ooh- 
Bumption of coal ; neither the water pumped nor the consumption of coal 
can be correct. 

Description of the Engine. — " The fire-engine to raise water has a great 
beam or lever, about 24 ft. long, 2 ft. deep at least, and near 2 ft broad. 
It lies through the end wall of the engine-house, and moves round 
a centre upon an iron axis. The steam cylinder is of iron, 40 in. 
diameter or more, and 8 or 9 ft. long, the piston sustained by the 
chain. The fire-place is underground. The boiler is 12 ft. diameter, 
which communicates with the cylinder by a hole and throat-pipe 6 or 
8 in. diameter. The boiler is of iron, and covered over close with 
lead; in this the water is boiled to raise steam. The regulator being 
a plate within the boiler which opens and shuts the hole of communication, 
this is fixed on an axis coming through the boiler, on which axis is fixed 
a horizontal piece called the spanner, so that moving the spanner forward 
and back moves the plate over the hole and back again. There is a 
horizontal rod of iron movable about a joint, and a piece of iron with 
several claws called the ' wye,'' moving about an axis in a fixed frame. 
The claw is cloven, and between the two parts passes the end of the 
spanner with two knobs to keep it in its place. There is the working- 
beam or plug-frame, in which is a slit, through which the daws pass and 
are kept there by a pin going between them. There is a leaden pipe 
called the injection pipe, carrying cold water from the cistern into the 
cylinder, and turned up at the end within the cylinder. To the injection- 
cock is fixed an iron rod lying horizontal. The end goes through a slit 
in the end of another piece, and on the end is a knob screwed on to keep 
it in place. There is a piece of iron with several claws called the ' efi;' 
movable about an axis. The claw goes through the slit in the plug-frame, - 
and is kept there by the two pins; the claw goes over the piece. As 
the piece is moved back and forward, the injection cock opens and shuts. 
There are several holes in the plug-frame that, by shifting the pins, serve 
to set the pieces higher or lower as occasion requires. There is the 
snifting clack balanced by a weight and opening outwards, to let out the 
air in the cylinder at the descent of the piston. In some engines a pipe 
goes from it to convey the steam out of the house. There is a leaden 



EARLY HISTORY OF PUMPING-ENGJNES. 9 

pipe called the sinking pipe or eduction pipe going from the cylinder 

to the hot-well; it is turned up at the end, and has a valve opening 

upwards ; this carries away the water thrown in by the cold-water pipe 

or injection pipe. There is the feeding pipe, going from the hot-well to 

the boiler, to supply it with water by a cock opening at pleasure. There 

are two gauge pipes with cocks, one reaching a little under the surfiuse 

of the water in the boiler, the other a little short of it. By opening 

! these cocks, it is known when there is water enough in the boiler, for one 

I cock will give steam aud the other water; they stand in a plate which 

^ may be opened for a man to go into the boiler to clean or mend it. There 

I is the puppet^lack or safety-valve; from this a wire comes through a 

! small hole, to which is fixed a thread going over a pulley with a small 

^ weight at it ; the weight on the clack is about a pound for every square 

inch. There is a steam-pipe going from the clack out of the house. When 

the steam in the boiler is too strong, it lifts up the puppet-clack and goes 

I into the steam-pipe, by which it is conveyed away ; otherwise the boiler 

would burst. There is a pipe carrying water from the cistern into the 

cylinder to cover the piston to a good depth ; also a cock opening to any 

wideness that the water may run in a due quantity ; and a hole to let it 

I out through a pipe into the hot-well when there is too much. There is a 

force pump, with a bucket and clack, and two valves opening upwards. 

This pump is closed at the top, and being wrought by a lever it brings 

water out of a pit into a cistern for supplying condensing water. There 

are speers (spears), which work in wooden pumps within the pit. The 

cylinder is supported by strong beams going through the engine-house. 

There is the first floor and the upper floor. At the end of the beam 

there are two pins, which strike against two springs of wood, fixed to 

two timbers or spring beams lying on each side of the great lever ; these 

pins serve to stop the beam, and hinder the piston from coming too low 

in the cylinder. 

*' When the engine is to be set to work, the water in the boiler must 
be made to boil so long till the steam is strong enough, which is known 
by opening the gauge-cocks. Then the inlet hole is opened by moving 
the spanner by hand ; then the steam is let into the cylinder which lets 
that end of the beam rise up; this raises the working beam or plug- 
frame and moves the eff, which moves and opens the cold-water cock ; at 
the same time it moves the wye, and shuts the inlet steam-hole. The 
injection cock being opened, the cold water rushing into the cylinder is 
thrown up against the piston, and descending in small drops condenses 
the hot rarefied steam, and makes a vacuum imder the piston. Conse- 
quently the weight of the atmosphere pressing upon the piston brings 
down the inner end, which raises the other end, which works the pumps. 
As the inner end descends, the working plug-frame descends, and, moving 
the eff and the wye, shuts the cold-water cock and opens the hole inlet for 
steam, and the steams goes into the cylinder, which takes off the pressure 
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of the atmosphere, and the outer end descends by the weight of the 
speers and the inner end ascends as before, which opens the injection 
cock and shuts the steam inlet. So by the motion of the beam up and 
down the cock and holes shut and open alternately ; and by this means 
of condensing and rarefying the steam by turns within the cylinder, the 
lever or beam constantly moves up and down, by which motion the 
water is drawn up by the pumps, and delivered into troughs within the 
pit, and carried away by drifts or levels. At the same time the motion 
of the beam works the cold-water pumps, and raises water into the injec- 
tion-water cistern. 

''When the engine is to cease working, pins are taken out of the 
plug-frame, and the cold-water cock is kept close shut while the inner 
end is up. 

'' The diameter of the pumps within the pit is about 8 or 9 in., and 
the bores of the pumps where the speers work should be made wide at 
the top, for if they be straight more time is required to make a stroke, 
and the barrels are in danger of bursting. Likewise, if water is to be 
raised from a greater depth at one lift, the pumps will be in danger of 
bursting ; therefore it is better to make two or three lifts, placing cisterns 
to receive the water. 

"The speers or rods that work in the pumps, consisting of several 
lengths, are joined thus : — each piece has a stud and hole, which are made 
to fit ; and the studs of one being put close into the holes of the other, 
and an iron collar drove upon them to the middle, they are then firmly 
fixed together. 

"There is never made a perfect vacuum in a cylinder; for as soon 
as the elastic force of the steam within is sufficiently diminished, the 
piston begins to descend. The vacuum is such that about 8 lbs. 
presses upon every square inch of the piston, or in some engines not 
above 6 lbs. This engine will make thirteen or fourteen strokes in a 
minute, and makes a 6-foot stroke ; but the larger the boiler is, the 
faster she will work. 

"A cubic inch of water in this engine will make 13,340 cubic inches 
of steam,* which therefore is fifteen times rarer than common air. But 
its elastic force within the boiler is never stronger or weaker than common 
air ; if stronger, it would force the water out of the feeding pipe. This 
engine will deliver 300 hogsheads of water in an hour to the height of 60 
fathoms. She consumes about thirty bushels of coal in twelve hours. In 
some engines there is a different contrivance to open and shut the regulator, 
which is performed thus : — As a beam ascends, it turns the wye about its 
axis, causing a weight to fall and strike a smart blow on a pin, and shuts 
the regulator. And when the beam descends, a similar action opens the 
regulator. There is a cord fixed at the top of the wye to hinder it from 
going too far on each side ; likewise for opening and shutting the injection 

* The real volume is 1642L 
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cook, instead of the pieces described. Some engines have quadrant wheels 
with teeth, which, moring one, the other opens or shuts the cock of the 
injection pipe.* 

" In some engines there is a catch held by a chain fixed to the great 
beam, and this catch holds the injection-cock lever or ef[ from falling back 
and opening the cold-water cock, till the rising of the beam pulls the catch 
up bj the chain, and then the eff falls." 

From the above description, written twenty-nine years after New- 
comen's death, it is evident that the atmospheric engine was largely in 
use. The writer of it speaks of some engines differing from others in 
details. Engines were at work in most of the mining districts of England. 
In this year (1758) many engines were at work in Cornwall ; and it appears 
that in that county Newcomen erected an engine in 1720, or two years 
after Beighton's invention of the hand-gear. It is said that his first engine 
in Cornwall was erected in 1714, but there are no definite records. In 1769 
Smeaton computed the diity of fifteen engines in the Newcastle district, and 
one year later made note of eighteen large engines in Cornwall, eight of 
which had cylinders 60 to 70 in. diameter. 

A Calculation of the Cylinder and Pumps of the Fire-Engines. — "If it 
be required to make an engine to draw any given number of hogsheads 
of water in an hour from / fathoms deep, to make any number of strokes 
in a minute by a 6-foot stroke, find the ale gallons to be drawn at one 
stroke, which is easily found from the number of strokes being given. 

** Let j^=nninber of ale gallons to be drawn at one stroke. 
,, p= pampas diameter (in inches). 
,, c= cylinder's diameter (in inches). 

Then p=^5g; 

and supposing the pressure of the atmosphere on an inch of the piston to 
be 7 lbs., 

then.=V-^=\/^^- 

** Note, if instead of 7 lbs. you suppose the pressure of the atmosphere 
to be 1 lb., and instead of a 6- foot stroke to make an r feet stroke ; 



then i»=x/5 X 5j7, and c=\/lxll21^.« 



The author has here arranged the events in connection with the 
subject in their chronological order ; and it is interesting to observe that^ 
though Watt had finished his labours in Cornwall in 1800, bringing the 
duty of his engines up to 20 millions, yet, between 1810 and 1821, three 
Newcomen engines were erected at the Farme Colliery in Scotland. In 
those days the want of knowledge of what others had done formed a great 

* This is the Beighton gear or tumbling- weight device, Plate II. From the above 
description it is clear that the plug-frame was in ose without Beighton's device, and 
probably before it 
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bar to progress. By the publication of what has been acoomplished, and 

bj the knowledge thereby imparted, the progress of mechanical science and 

arts has been hastened during the last fifty years as much as by the 

theoretical teaching of schools. 

27ie Newcomen Engine. — Events in chronological order : — 

1696. Description of Savery's Fire-Engine, published la the Philosophical 
Transactions of the Royal Society. 

1698. Thomas Savery, of London, obtained a patent for raising water by 
the elasticity of steam. His engine had no piston. 

1702. SaTcry's Miner^s Friend was published. Savery's advertisement 
in Post Man, 19th-21st March, notified that his engine might 
be seen at work " at his workhouse in Salisbury Court, London." 
This advertisement was reproduced in Notes and Queries, 27th 
January 1900. 

1712. Newcomen erected an engine near Dudley Castle for Mr Back of 
Wolverhampton. It had a water-jacket around the cylinder for 
condensing the steam : but afterwards injection in the cylinder 
was adopbed. All valves were worked by hand. 

1712 to 1718. A buoy was used to give automatic action to the injection cock. 

1714. A Newcomen engine is said to have been erected at Wheal Yor, 

near Breage, in Cornwall ; and another at Ludgvan in 1720. 

1715. Savery died in London. 

1717. 29th December. — Calley (or Cawley) died whilst erecting an engine 

at or near Ansthorpe, Yorkshire. This is from the burial 
register of Whitkirk. See Farcy's Steam Engine, p. 155. 

1718. Beighton invented the hand-gear. The steel-yaid safety-valve 

was introduced; also the snifting valve, and the shortened 
eduction pipe with its non -return valve. All the essential 
features of the perfected engine were now present. 

1720. Newcomen went into Cornwall and erected an engine at Wheal 

Fortune, St Day. Another engine on the same model was 
erected at Pool Mine, Carn Brea, in 1746. 

1721. An advertisement appeared in the Daily Courant, 24th July 1721, 

beginning " Whereas an engine to raise water by Fire, commonly 
called Savery's engine ....," and inviting attention to a new 
form of engine. The above was printed in Notes and Queries, 
27th January 1900. See also Notes and Queries, 17th February 
1900, for a communication from J. E. Hodgkin. 
1725. Joseph Hornblower erected an engine at Wheal Bose, Truro; a 
second engine was erected at Wheal Busy, Chacewater; and a 
third at Polgooth, near St Austell. 
8th April. — Steam engine at work at Tipton, Staffordshire. [On this 
day the son of John Hilditch, "Manager of y® Fire Engine at 
Tipton," was baptised in the Parish Church of Bilston. — The 
Engineer, 11th Nov. 1898.] 
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1729. Newoomen died in London. 

1733. 24th July. — Savery's patent expired, having been in existence for 
thirty-five years. 

1758. Many engines at work in Cornwall, one at Herland, near Gwinear, 
having a 70-in. cylinder. Emerson desoribes in detail in his 
Principle$ of MecJianics the Newoomen engines as then* used. 

1767. Smeaton first turned his attention to the atmospheric engine. 

1769. Smeaton computed the duty of fifteen engines in the Newcastle-on- 

Tyne district, and found the average duty to be 5*59 millions of 
foot lbs. per bushel or 84 lbs. of coal.* 
5th January. — ^Watt's first patent. 

1770. Smeaton made note of eighteen large engines in Cornwall, eight of 

which had cylinders from 60 to 70 in. diameter. 
1772. Smeaton made improvements in details, not altering the general 

construction, and succeeded in obtaining a duty of 9*5 millions. 
1775. Smeaton erected a Newcomen engine at Chacewater in Cornwall, 

the steam cylinder 72 in. diameter. Water load 7§ lbs. per 

square inch. Lift of pumps 306 feet. This engine was altered 

by Watt to his system, t 
1810. A Newcomen engine was erected at the Farme Colliery, Rutherglen, 

near Glasgow, for winding and pumping ; in 1820 another was 

added for winding; and in 1821 a third, having a 60-in. cylinder, 

for pumping. 
From 1720 to 1740 few engines were erected in Cornwall, because 
of the high duty on sea-borne coal. In 1741 an Act of Parliament 
was passed for the remission of the duty on coal used for fire-engines 
for draining tin and copper mines in the county of Cornwall. | The 
effect of the passing of this Act was that by the year 1758 many 
engines had been brought into use ; one engine at Herland had a 70-in. 
cylinder. 

Rotative Atmospheric Engines. — It appears that attempts were made as 
early as 1768 to produce a rotative motion from a Newcomen engine ; but 
it was not till about 1780 that it was successfully accomplished by the use 
of the crank. 

It does not appear that any attempt was made, before Watt's separate 
condenser was invented, to reduce the cooling effect of the injection water 
in the cylinder by effecting the condensation in a small vessel attached 
to the cylinder. It is evident, however, that^ after Watt's patent, 

* The bushel was taken as 84 lbs. in Savery's time. 

t A drawing of almost the first Watt engine for the Birmingham Canal is shown in 
the Frontispiece. 

X The Act referred to is the 14th Geo. II., Cap. xlL, and intituled: — ^An Act for 
granting to His Majesty the sum of one million oat of the sinking fund, and for applying 
other sums therein mentioned for the service of the year 1741 ; and for allowing a Draw- 
hade of the DuOea upon Coals uaed in Fire-Hngines for draining Tin and Copper mines 
in the Oow/Uy of Coniwallf etc, , , , 
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Newcomen engines were made with outside condensers without air-pumps, 
the air being discharged through a snifting valve. Such condensers were 
known as ' pickle-pots.' 

In fig. 1, Plate III., will be found a sketch of the * pickle-pot * condenser. 
It is more than probable that such condensers were not known till after 
Watt's invention of the separate condenser, and that they were applied to 
improve the economy of the Newcomen engine and to evade Watt's patent. 

In fig. 5, Plate III., will also be found a diagram constructed by the 
author to indicate the economy of fuel resulting from various improve- 
ments, commencing with the earliest engines of Newcomen. A diagram 
above also indicates the increase in steam pressure corresponding to the 
increased economy. 

The Newcomen engine had now been brought to a state of perfection, 
in which it remained, except as regards improvements in workmanship, up 
to the time when Watt made his great invention of the separate condenser. 
Watt's attention was first directed to the subject of the steam engine by 
Dr Robinson, then a student in the University of Glasgow, in 1759. In 
1761 or 1762 he made some experiments with a small model of a steam 
cylinder, but the attention necessary to his business — that of a mathematical 
instrument maker — prevented his pursuing the subject any further at that 
time. In the winter of 1763 and 1764, having occasion to repair a model 
of Newcomen's engine belonging to the Natural Philosophy Glass of the 
Glasgow University, his mind was again directed to the subject. When 
the model was set to work, he was surprised to find the great volume of 
steam condensed with a moderate quantity of injection water. By sub- 
sequent experiments Watt ascertained that steam was 1800 times rarer 
than water. In another experiment, being astonished at the large weight 
of water required for injection and the great heat that it acquired from the 
small weight of water in the form of steam, which had been used in 
filling the cylinder, and not understanding the reason of it, ^' I mentioned 
it," he says, "to my friend Dr Black, who then explained to me his 
doctrine of latent heat, which he had taught some time before this period, 
but having myself been occupied with pursuits of business, if I had heard 
of it, I had not attended to it, when I thus stumbled upon one of the 
material facts upon which this beautiful theory is founded." Dr Ure 
gives the conversation which he had with Watt on this subject, in which 
Watt describes the simple but decisive experiments by which he discovered 
the latent heat of steam. His means and leisure not then permitting an 
expensive or complex apparatus, he used apothecaries' phials ; with these 
he ascertained two more facts — firsts that a cubic inch of water would form 
about 1 cubic foot of ordinary steam, or about 1728 cubic inches; and 
that the condensation of that quantity of steam would heat 6 cubic inches 
of water from the atmospheric temperature to the boiling point. He 
also saw that six times the difference in temperature, or fully 800 degrees 
of heat, had been employed in giving elasticity to steam, and which must 
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NEWCOMEN ENGINE. 
Explanatory Diagrams. 
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Fig. 2. — Sketch illustrating 
the Newcomen Engine he- 
fore it was made automatic, 
1772-1718. 
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Fig. 3.— Illustration of 
the "Buoy "and the 
" Scroggan " in the 
Newcomen Engine. 



Fig. 4. —Illustration of 
the " Cataract " sub- 
stituted for the '^Buoy" 
in Modern Engines. 
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Fig. 6. — Pumping Engines. 
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be all subtracted before a complete vacuum could be obtained under 
the piston of a steam engine. On reflecting further, it appeared to 
him that a cylinder should always be kept as hot as the steam that 
entered it. 

It occurred to Watt in 1765 that for the purpose of avoiding the cool- 
ing of the steam cylinder, the condensation should be effected in a separate 
vessel, and in 1769 we 6nd that he took out a patent for his invention of 
the condenser, and the use of oil and tallow for lubricating the piston. 

It next occurred to Watt that the mouth of the cylinder being open, 
the air which entered above the piston would cool the cylinder. He 
therefore provided the top of the cylinder with a cover, and on the com- 
pletion of the steam stroke, communication was opened between the space 
above the piston to that below it, thus placing the piston in equilibrium. 
The piston was then raised to the top of the cylinder by the weight of 
the pump rods. Communication between the top and the bottom of the 
cylinder was then closed, and whilst steam was being admitted to the top 
of the piston for the next stroke, the steam below it was admitted into 
the separate condensing vessel. Watt made a small model of this engine, 
in which the condenser was simply a tin tube with water on the outside 
forming a surface condenser ; an air pump was added to keep the 
condenser evacuated. 

Watt, however, found that the condensation arising from the cooling 
of the outside of the condenser would not be rapid enough unless the 
surface of the condenser was made very large ; he therefore resorted to 
the method of injecting water into the condenser, as water had been 
injected into the Newcomen engine. The Watt engine was now 
complete. 

In the year 1775 Watt entered into partnership with Matthew Boul ton, 
of Birmingham, and soon after Boulton & Watt commenced the manufac- 
ture of Watt's engines, and some were erected in the coal mines of Stafford- 
shire and Warwickshire and other places; but it was in Cornwall that 
Watt found the great field for the development of his invention. Coal was 
there very expensive, having to be brought from South Wales, and the 
mines were becoming deep and exceedingly costly to drain. The pro- 
prietors of the mines were, however, unwilling to be at the expense of 
taking out the old atmospheric engines, and of replacing them with Watt's 
improved engine ; to meet that objection Messrs Boulton <fe Watt erected 
many engines at their own expense, taking as payment one-third the saving 
effected in coal, and it is said that in one mine at Chacewater three of 
Watt's engines were erected, and the proprietors of the mine engaged to 
pay £800 per annum for each engine as a compromise for the third part of 
the saving made in coals* 

The expansive power of steam was understood by Watt in 1769, and 
was afterwards particularly described in his patent specification of the 25th 
of October 1781. Watt had a very clear idea of the economy to be effected 
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by expansive working ; in his patent specification he gives the following 
statement : — 

When the cylinder is quite full, its perfomunce will he aa 1 *0 
When } full, its performance is increased as . . 1 '7 
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upon the supposition that steam contracts and expands by variation of 
pressure in the same ratio that air would do. 

At that time the Watt engines were all employed in working bucket or 
lift pumps, and it was not until a much later date that the plunger pump 
was introduced. As long as bucket pumps only were used the extent to 
which expansive working could be carried was very limited, for reasons we 
have fully gone into in a subsequent chapter dealing with the principles 
of Cornish and other direct-acting engines. 

Cornwall formed the great uursery of the pumping- engine. In the early 
part of the last century many of the mines which were drained by means of 
water-wheels had reached such a depth that the power available was not suffi- 
cient^ and the mines were in consequence on the point of being abandoned. 

Savery failed in his attempts to introduce his engines into Cornwafl, 

but it is said that a Savery engine was for many years employed at Rier's 

Manufactory, St Pancras, London. It was employed in raising water to 

turn a water-wheel 18 ft. in diameter, which wheel was applied to the 

purpose of giving motion to lathes, etc. It was stated to consume six 

bushels of good coals during twelve hours' work, and to make ten strokes 

per minute, lifting 7 cubic feet of water per stroke through a vertical 

height of 20 ft. This in round numbers is at the rate of 70 cubic 

70 X 63 X 20 ^ , ,, ^ 
feet per mmtue, or - ^o qqq — = 2*6 H.P. 

42 
The consumption of coal per horse power per hour was then — = 16'1 

lbs., and the dynamic duty on 84 lbs. of coal about 10,296,000 foot lbs. 
This must, however^ be regarded as an incorrect statement of the actual duty. 
In 1774 Mr Rigby put up two of Savery's engines at Manchester to work 
water-wheels, which engines operated by means of suction. The duty was 
found to be five and a quarter million foot lbs. with one, and five and a half 
millions with the other, for a consumption of one bushel of coal or 84 lbs. 

About the year 1767 John Smeatan devoted himself to improving the 
condition of the atmospheric engine, and with very marked success. 
Smeaton had in his nature so admirably combined the virtues of untiring 
skill and enterprise together with a comprehensive scientific knowledge, 
and a keen preception of the wants of the age, that any subject which he 
took in hand had thereby its guarantee of success. Smeaton cannot be 
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remembered for any one invention, but his improvements in the various 
details of the engine completely metamorphosed it, and he succeeded in 
increasing the duty thereby nearly 50 per cent. 

In 1775 Smeaton erected at Ghacewater Mine, in Cornwall, an atmos- 
pheric engine with all his improvements ; this was the largest atmospheric 
engine probably ever put up. The cylinder was 72 in. diameter, and the 
stroke of the piston 9^ ft. ; the water load was equal to 7§ lbs. per square 
inch of the piston, and the lift was 306 ft. "It had, when originally 
erected, one boiler, 15 ft. diameter, placed immediately under the cylinder, 
and an extra one, constructed to collect and make use of the waste heat 
from the furnaces upon the works. This latter, however, being found a 
failure, it was removed after a very short use, and two new boilers of the 
same construction and dimensions as the centre one were added, being 
fixed in low buildings on each side of the engine-house. These were found 
successful in furnishing the engine with steam." * 

This engine was erected to supply the place of two atmospheric engines 
which had previously been worked on the same mine — one with a 64-in. 
cylinder, and the other with a 62-in. cylinder, each having a stroke of 6 ft. 
Mr Smeaton reported the duty of the new engine to be greater than that 
of the old ones in the proportion of 7 to 4. 

In 1769 Smeaton tabulated the duty of fifteen atmospheric englhes at 
work in Newcastle, giving the mean duty of 5*59 million foot lbs. per one 
bushel of coal. Soon after, he obtained from a new engine a duty of 9'45 
millions. He ultimately raised the duty of the atmospheric engine from 
7 to 10 millions. He arranged his pit- work much in the same way as it is 
done now as regards the disposition of the various lifts. The pumps were 
of the bucket type, with butterfly and clack pump valves. In his direction 
for the Ghacewater engine, he says : " The durability of the leather of the 
bucket depends greatly on the proper proportions and construction of the 
bucket hoops. The bucket hoops on the outside should be a cylinder^ that 
is, the same diameter above and below ; their taper inside must, therefore, 
be formed by the different thickness of the metal ; their external diameter 
should not be more than one quarter of an inch less than their respective 
working barrels ; the hoops to be made as broad as can be allowed." 

Butterfly valves, with two semicircular flaps opening back to back on 
a joint or hinge, fixed across the middle of the bucket or clack, were used 
for all the common sizes. For pumps from 18 in. to 20 in. in diameter it 
was usual to divide the valves into four flaps. 

The first engine erected by Watt in Gornwall was one with a cylinder 
30 in. in diameter, fixed at Greegbraws, near Ghacewater, very soon after 
Smeaton's engine at Ghacewater, probably about 1776. It worked there 
a few months, and was then removed to Wheal Busy, where it remained in 
action for some time afterwards. 

In 1777 the patentees erected three more engines — namely, at Ting- 

* Pole on The ComUh Engine, 

2 
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tang, Owan-yean, aad Tregurtha Downs. These were of larger dimensions ; 
two of them had ojlinders 63 in. in diameter, and were capable of working 
with a load of 11 lbs. or 12 lbs. on the square inch of the piston. The 
first-named of these three, that at Ting-tang, was put up with the eoncurrence 
of one of the Homblowers, who was engineer to the mine at the time. In 
Watt's first engines — and in this among the number — the air-pump and 
condenser were exhausted previously to starting, by means of a small 
pump worked by hand, and on the first trial the engine suddenly started 
and killed the man who was working the pump. Watt, who was present 
at the time, afterwards added the arrangement of blowing through, in 
order to produce the vacuum at starting by condensation. 

The success of these trials induced the rapid adoption of the improved 
engine, and rendered Cornwall the richest field of profit to the patentees ; 
for in about twelve years the whole of the atmospheric engines in the dis- 
trict had been replaced by patent ones, whose dimensions varied from 24-in. 
to 66-in. cylinders, and many of them were double-acting. The extension 
of the mining operations kept up a constant demand upon the manufacturers 
of the engines, either for new machines, or for the enlargement of old ones, 
which lasted until the year 1800, when the monopoly expired, and the con- 
nection of Messrs Boulton <& Watt with the county entirely ceased. 

From the date of Watt's patent for expansive working — namely 1781 — 
to the present time^ the development of the pum ping-engine has been, in 
the advances made in the application of the principle of expansive working 
under mechanical conditions, best suited to the nature of the work to 
be done. Watt proposed to work with increased expansion by using 
mechanical devices, by means of which the resistance of the pump was 
gradually lessened from the beginning to the end of the stroke of the 
engine, but he appears not to have carried his idea into practice. He, 
however, employed expansive working, as far as it was practicable with the 
system of bucket pumps then in use. 

About the year 1738 Newcomen introduced into Cornwall an engineer 
and manufacturer of steam engines, one Jonathan Homblotoer, who soon 
became one of the principal manufacturers of steam engines in that county. 
Young Jonathan, a son of the above-named Hornblower, after serving an 
apprenticeship with a pewterer and plumber at Penryn, turned his attention 
to engineering, and soon became one of the principal engineers of the 
Cornish mines, which occupation he held till his death in 1812. He was 
much esteemed by all who knew him, and displayed great talent as an 
engineer. In 1776 Hornblower turned his attention to the carrying out 
of the principle of expansion which he had previously conceived, and he 
made a large working model with cylinders 11 in. and 14 in. in diameter. 
He patented the invention in 1781, or about one year before the date of 
Watt's patent. 

The mode of carrying out the expansive principle invented by Horn- 
blower is identical with that now commonly known, incorrectly, as Woolf's 
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iiiTontioii, and consists in what is called the double-cylinder expansive 
engine. The steam is first admitted into a small cylinder, and after doing 
its work there, without expansion, is allowed to escape into a much larger 
cylinder, where it becomes expanded. It is difficult to imagine that 
Homblower could have worked out the details of the double-cylinder 
engine without assuming that the theoretical value of expansion would be 
the same whether one or two cylinders be used ; and it is probable that he 
saw the mode of working expansively in a single cylinder, but imagined 
that practical difficulties were in the way of its being carried to any great 
extent without the use of the second cylinder. Watt's patent was subse- 




Fio. 4. — Hornblower's Componnd Cornish Engine 



quent to Hornblower's, so that Hornblower could not have introduced tne 

second cylinder to evade Watt's claim. 

Hornblower's engine is illustrated in fig. 4. 

The progress made up to the year 1800 is given in the following 

summary : — 

1776. — Watt stated in a letter to Smeaton that his engine at Soho raised 
between 20,000 and 30,000 cubic feet of water 90 feet high with 
120 lbs. of coal, which would be equal to 21,600,000. This was 
more, however, than Boulton & Watt would engage to perform, 
as, in a letter written by Boulton to the Carron Company in 
this year, which contained proposals for erecting an engine, he 
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stated the performance as equal to about 19,000)000. Smeaton, 
about this time, after many experiments, laid it down as a rule 
that Watt's engines would do double as much as his own, which, 
as we see above, was 9*45 millions, consequently 18,900,000. 

1778-1779.— Watt having stated that his engines should do 23,400,000, 
Smeaton made trial of two — one on the Birmingham Canal and 
one at Hull Waterworks, and found the duty of one equal to 
18,000,000, and of the other 18,500,000. 

1778. — Boulton & Watt erected an engine at Hawkesbury Colliery^ near 
Coventry — cylinder, 58 ins. in diameter; stroke, 8 feet; load, 
26,064 lbs.— which was found to do nearly 19,000,000. 

1779-1788. — Watt introduced the improvement of working steam ex- 
pansively, and he calculated that engines which would previously 
do 19,000,000 to 20,000,000 would thus perform 26,600,000; 
but we do not find any record of this duty having been attained 
in practice. 

1785. — Boulton & Watt had engines in Cornwall working expansively, 
as at Wheal Gous and at Wheal Chance, in Camborne, but in 
these the steam was not raised higher than before, and the piston 
made a considerable part of the stroke, therefore, before the 
steam valve was closed. 

1798. — As a consequence of a suit respecting their patent, which was 
carried on by Boulton & Watt and others, an account of the 
duty of all the engines in Cornwall was taken by Davies Gilbert 
and Captain Jenkins of Treworgie, and they found the average 
to be about 17,000,000. 

An engine at Herland was found to be the best in the county, 
and was doing 27,000,000 duty, but, being so much above the 
average, some error was apprehended. This engine was probably 
the best then ever erected, and attracted, therefore, the particular 
attention of Boulton & Watt, who, on a visit to Cornwall, went 
to see it, and had by many experiments tried to ascertain its 
duty. It was under the care of Murdock. Captain John Davey, 
the manager of the mine, used to state that it usually did a duty 
of 20,000,000, and that Watt, at the time he inspected it, pro- 
nounced it perfect) and no further improvements could be 
expected. 

I'^OO. — About this time Boulton & Watt's patent expired, other persons 
began to construct engines, and Murdock left Cornwall, where 
he had been superintending most of the engines at the mines 
for sixteen years. The duty of the best enginc3 was then stated 
to be 20,000,000. 
Having thus brought the history of the pumping-engine up to the 

date 1800, we will briefly review the events of the subsequent period, 

which, although coming last, are not the least important. Watt left the 
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engines of Cornwall doing a duty of not over twenty millions, but within 
forty years after the Cornish engineers raised the duty more than threefold. 

From Lean's HistoriccU Statement we have the following particidars 
of the period between 1801 and 1811 : — 

"About the year 1801 Captain Joel Lean (who, besides being an 
experienced miner, was a good practical engineer) was appointed principal 
manager of Crenver and Oatfield Mine in the parish of Crowan, one of the 
deepest and most extensive mines then at work in the county. He found 
the engines and pit-work in a very bad condition. The mines were about 
170 fathoms deep from the surface and 140 fathoms below the adit; and 
the water was drained by three steam engines — viz., a 63 in. cylinder 
double, on Bull's mode of construction, having the cylinder over the 
shaft and the piston rod working through the bottom, and 60 in. and 36 
in. cylinder single engines on Boulton <fe Watt's plan. The consumption 
of coals by these engines was enormous, and the average duty was ten 
millions; Bull's engine, 63 in. double, consimied fourteen chaldrons of 
coal in one day. The pit-work, too, which consisted of leathern buckets 
with two or three pistons, such as were at that time in general use for 
plungers, was in a very bad state ; and it may be safely asserted that the 
engines were idle at least one-third of the time, for the purpose of repairing 
the pit- work and changing the buckets. 

" After he had assimied the management. Captain Lean's attention was 
inmiediately directed to the pit-work, and here he first introduced (what 
is now so generally used, and with so great advantage) the plunger pole, 
instead of the conmion box and piston, wherever he found it practicable. 
Equally bold and successful was the change which he made in the engines. 
The two smaller (which were erected in the same house and connected 
with the same rods) he threw aside, and put in their stead a 70 in. cylinder 
— the first of the size ever erected in the country — in which he adopted 
the expansive mode of working, at that time so little thought of and very 
partially practised. These improvements saved the mine. At that time 
they were burthened with a debt of many thousand pounds, which was 
continually augmenting ; but as they consumed less than half the previous 
quantity of coal, and at the same time kept the mine effectually drained, 
so that the miners could work without hindrance, they not only discharged 
the debt, but obtained considerable profit." 

We. have been thus particular respecting what Captain Lean did at 
Crenver and Oatfield, because of the important consequences which 
resulted from the improvements introduced by him into the engines and 
pit-work of those mines. For being sensible that the defects which he 
had removed with so much advantage were not confined to the engines 
under his care, and convinced that it would be attended with much good, 
if the public generally, and more especially those who were adventurers 
in mines, had the means of comparing the difierent engines with each 
other, he endeavoured to bring some others of the principal managers into 
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his views, and to awaken them to the necessity of registering and publish- 
ing the duty performed. It was, however, not imtil after many years 
that bis wishes were accomplished. 

The two governing facts which led to the great advance in duty was — 
first, the introduction of the plunger pump in place of the bucket, an 
alteration which gave quite a new character to the pit-work and thereby 
made increased expansion possible; second, the publishing of Lean^s 
Monthly Jhdy Records^ which held out an inducement to engineers to 
rival each other in the duty which they obtained from their engines, a 
matter which was of vital importance to the mine owners. The result 
of the rivalry was that the best engines were brought to such a high state 
of perfection that the efficiency ratio was as great as that of the best 
engines of to4ay — that is to say, the Cornish engine made as good use of 
its opportunities as the triple-expansion engine does ; but the opportunities 
of the Cornish engine were limited by steam pressure of 45 lbs., whereas 
the triple engine is now worked with pressures as high as 150 lbs. It 
was fully recognised that the economy of the engine depended largely on 
not wasting heat in radiation, or, in other ways, having dry steam, ex- 
panding the steam down to an absolute pressure of about 5 to 6 lbs. per 
square inch, and securing a good vacuum. The pressure of steam avail- 
able was only from 20 to 30 lbs. per square inch, and although some 
engines were working with a boiler pressure of 40 lbs., that was the 
limit of pressure at which the full expansive power of the steam could 
be utilised in the single cylinder Cornish engine. 

The idea of compounding the Cornish engine, originated by Homblower, 
was taken up, and many compound engines were erected by Trevitbick, 
Qribble, Sims, Woolf, and others, and although some of the engines did a 
good duty, no better results were obtained than with the best single 
cylinder engines; some of the compound engines were not properly 
designed for the best effect, but as long as the boiler pressure remained 
low, the compound engine had no raison d'itre. 

In 1824 "Woolf erected a compound engine at Wheal Alfred Mine, 
intended to be worked with cast-iron boilers at 100 lbs. pressure, but 
owing to the failure of boilers the engine was removed. 

It must be observed that the method of 'duty reporting' adopted 
in Cornwall applied to the engine and boiler as a whole ; there was no 
indication of how far the results were influenced by a good or a bad boiler, 
or good or bad coal, nor were the observations which formed the basis of 
the reports taken with sufficient accuracy for strictly scientific purposes. 
There was the error of uticertainty of length of stroke, and the load 
of the engine was calculated from the size and length of the lifts. As long 
as the lifts were vertical no error could arise in that respect, but frequently 
the lifts were inclined, so that the length of the lift did not represent the 
height of water. It was, however, considered by the Cornish engineers 
that the extra friction of the inclined rods made up for the deficiency in 
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height of water. As regards the coal used, it was probably fairly uniform 
io quality, as it was all South Wales coal. The efficiency of the boilers 
was also fairly uniform after the introduction of the Trevithick Cornish 
boiler, which took place about the year 1813. 

Notwithstanding the defects in the system of ' Reporting,' the reports 
were of commercial value to the proprietors of the mines, and were usefiQ 
to others as indicators of engineering progress, but if we had no better 
record of the thermal efficiency of the Cornish engine than that given in 
the reports, we could form no proper judgment in the matter ; the Cornish 
engine has, however, had an extended application beyond the Cornish 
mines, and has been subject to rational and complete tests in the same 
manner as other engines. 

The progress of events after Watt left Cornwall up to 1834 is given 
in the following summary : — 

1810. — Woolf returned to Cornwall and introduced his engine working 
high-pressure steam in a small cylinder, and expanding into a 
larger one ; Captain Richard Trevithick also invented the simple 
high-pressure engine working without condensation. No im- 
mediate improvement in the duty seems, however, to have 
followed. 
1811. — The first monthly report appeared of the duty of three engines at 
work at Wheal Alfred Mine, where Captain J. Davey was engineer. 
The great improvements indicated by the rapid increase of duty in the 
period to which we shall now refer have resulted mainly from the use 
of high-pressure steam worked expansively, and the introduction of 
Trevithick's Cornish boiler. 

1813. — The first year in which the duty papers appeared in their present 
form; the number of engines reported was 24, of which the 
average duty was 19,456,000 foot lbs. In the early part of the 
year the best duty was about 26 millions, by Captain Trevithick 
at Wheal Prosper, Captain John Davey at Wheal Alfred, and 
Messrs JeflFery <fe Gribble at Stray Park. Towards the close of 
the year Davey first attained 27 millions, and Jeffery & Gribble 
reached 28 millions.* 
1814. — Number of engines reported, 29; average duty, 20,534,232. 
During this year Jefiery & Cribble's engine at Stray Park 
performed the best duty, having reached 35 millions ; for twelve 
months the average was 32 millions. Woolf's engine at Wheal 
Abraham, first reported in October of this year, performed 34 
millions. 
1815. — ^Number of engines reported, 35; average duty, 20,526,110. 
Woolf's engine at Wheal Abraham attained a duty of 52*3 millions. 
1816. — Number of engines reported, 32; average duty, 22,907,110. In 

* The du^ was calculated per bushel of 94 lbs. of coal up to July 1856 ; after that 
date the cwt. was substituted for the busheL 
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this year an engine at Dolcoath, by Messrs Jeffery & Gribble, 
did a duty of 40 millions, which is the first record of such a 
duty done by a single-cylinder engine. In May of this year 
Woolfs engine at Wheal Abraham did a duty of nearly 57 
million 

1817.— Number of engines reported, 31 ; average duty, 26,500,269. The 
general improvement was now beginning to be apparent, as may 
be observed from the average of this and the preceding year. 
Jeffery <fe Gribble continued to take the lead, and their engine 
at Dolcoath in some months reached 44 millions. Woolf's engine 
occasionally surpassed this, reaching to 51 and 52 millions, but 
after this year it did not exceed the average of the best single 
engines. 

1818. — Number of engines reported, 32 ; average duty, 25,433,783. No 
improvement in this year, and the general rate of duty rather 
fell off. 

1819. — Number of engines reported, 37 ; average duty, 26,252,620. 

1820. — ^Nimiber of engines reported, 37 ; average duty, 28,736,398. 
Among these were the engines lately erected at the Ck)n8oli- 
dated Mines, by Woolf, having cylinders of 90 in. diameter, and a 
stroke of 10 ft., the most powerful that had been constructed. 

1821. — Number of engines reported, 39; average duty, 28,223,382. 

1822.— „ „ „ 45; „ 28,887,216. 

1823.— „ „ „ 45; „ 28,156,162. 

1824.— „ „ „ 45; „ 28,326,140. 

The best duty seems to have been done by Sims' engine. 

1825. — Number of engines reported, 50; average duty, 32,000,741. 
General improvement was now observable. Sims' engine at 
Polgooth reached nearly 54 millions, and some new engines 
appeared in the first rank of merit, as those by Woolf, at 
Wheal Alfred and Wheal Sparnon, by Webb at Herland, and 
by Grose at Wheal Hope. This latter engine deserves the more 
notice, as it was the first erected by this engineer, and its construc- 
tion led to the great improvements in duty which he afterwards 
exhibited in his engines at Wheal Towan. 

1826. — Number of engines reported, 48 ; average duty, 30,486,630. 

1827.— „ „ „ 48; „ 32,100,000. 

Although the average duty of all the engines in the county 
was not so much improved in this year as might be expected from 
the results exhibited by the performances in particular instances, 
yet this must be deemed an important epoch in the history of 
the steam-engine. One which had been erected by Grose, at 
Wheal Towan, of 80 in. cylinder, in which he had perfected all 
he had tried in his engine at Wheal Hope, was found to surpass 
all others for the first nine months of the year, and from April 
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to September maintained a duty of more than 60 millions, 
reaching in the month of July to more than 62 millions. 

1828. — Number of engines reported, 54; average duty, 37,000,000. 
Public attention having now been directed in Cornwall to the 
improvements which Grose had introduced, and the principles 
being applied with various modifications in many instances, the 
advantage was rendered obvious by the advance in the average 
duty of the whole. And in the meantime the engine at Wheal 
Towan was brought to a degree of perfection which had not 
been anticipated by the most sanguine, advancing in March to 
more than 80 millions, a rate of duty which it maintained, with 
some fluctuations, to the end of the year. 

1829. — Niunber of engines reported, 53 ; average duty, 41,700,000. 

1830. 



1831. 


99 




58; 


43,400,000. 


1832.— 


91 




59; 


45,500,000. 


1833. 


» 




56; 


46,600,000. 


1834. 


» 




52; 


47,800,000. 



During the year 1834 several engines were reported to do remarkable 
duty, notably West's engine at Fowey Consols and Taylor's engine at the 
United mines ; the former was said to do a duty of 125 millions on 94 
lbs. of coal, and the latter 107 millions. 

The author has indicator diagrams from both engines in his possession, 
and they show initial pressures of 50 and 36 lbs. absolute respectively, 
the expansion in both cases being a little over 4 to 1. If the above 
reported duty were correct, the Fowey Consols engine would have given 
at least an indicated H.P. per hour on 12 lbs. of feed water and Taylor's 
engine on 15*2 lbs.,* which is in the former case impossible. 

Since 1834 little progress has been made in Cornwall ; the best 
engines have done about 60 miUions duty, and, according to the records, 
in exceptional cases much higher, b^t of late years the recorded duty has 
fallen off, and there are but few engines at work in the county. 

We have been induced to devote some considerable space to the pro- 
gress of the Cornish engine, for it was with that engine that the principles 
governing steam-engine economy were first practically grappled with. 
The progress which has been made since has been great, but the possibility 
of advance has been afforded by the improvements in manufacturing pro- 
cesses and materials, by means of which we can safely use high-pressure steam. 

In the early days of the development of the pumping-engine it became 
recognised that economy was to be secured by expansion, and it soon 
became known from the teaching of experience that considerable expansion 
could be secured in the single-cylinder Cornish engine. 

As a matter of fact, the single-cylinder Cornish engine was quite 

* Asraming an eyaporstion of 10 lbs. of water per 1 lb. of ooal, and a meohanical 
efficiency of the engine and pumps combined, of 80 per cent. 
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capable of getting the beet duty from steam of the pressure used. 
Attempts were, however, made by Homblower, Trevithick, Woolf, Sims, 
and others to secure greater ecouomy by the use of compound engines. 
Many compound engines were made, but the duty obtained was no better 
than that obtained with the eiiigle cylinder. The method of expanding in 
the oompound engine was simply that of allowing the steam to expand 
from the small cylinder into the large cylinder. The total range of ezpan- 
aioQ was not more than in the single engine. 

In figs. 6 and 6, sections of Homblower and Trevithiotc's and also of 
Sims' ei^iaes are given. Neither the distribution of steam nor the boiler 

Fio. 5. Fio. a. 
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pressure available were conducive to economy in the compound engine. 
It ia only quite recently that the development of the Cornish engine has 
advHJiced by the adoption of a second cylinder. From Watt's time — 1600 
to 1834 — the boiler pressure was raised from 10 to 45 lbs., and the duty 
trebled; since 1834 the safe boiler pressure has been raised from 45 lbs. 
to 200 lbs., and the duty of our best pumping-enginea nearly doubted. 
We have not space to trace further the history of the development of the 
pum ping-engine. The practicability of making boilers to be worked with 
high-preesure steam and the new and extended requirements of modem 
times have led to the production of new forms of engines and pumps, many 
of which are noticed in the succeeding chapters of this book. 

iMe.~Tbe dnty of pmnping-enginas is now generally calonlated on 112 Ibi of 
Msl. Previaai to 18SS it wm e)ipre«aed per buihel of 94 lb*. In Skvery's ood 
SiOMtou't time the bosbol ww evideully tskea to be 81 Ha, 
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STEAM ENGINES (PUMPING). 

As the steam engine plajs so important a part in connection with pumping 
machinery, it will be well to devote this chapter to a consideration of the 
principles which govern and limit its application. 

It will have been observed from the brief and incomplete history 
contained in the first chapter that it was as a pmnping-engine that the 
steam engine as a practicable machine received its first application, and 
that the general principles which govern its economy. were first grappled 
with in those engines. The greatest economy has always been obtained 
with pumping-^ngines, and it is so at the present day. 

We need not consider the subject of quick reciprocating engines, 
because such engines have a limited application to pumping purposes. 
They are useful and convenient for driving centrifugal pumps direct, 
but for general pumping they are little used.'* It may, however, be 
observed, that although certain economical conditions are secured by 
quick reciprocation, no quick reciprocating engine has been found to be 
80 economical in steam as the slow-running pumping-engine. 

It is the common experience that the quicker an engine runs within 
the limits of its application, the better should be its economy in steam, 
but that is only true when comparing the conditions of running of the 
particular engine or engines of its class. It is not true as a generalisation 
that quick-running engines are more economical in steam than slow- 
moving ones. 

There are many factors which enter into the question of steam economy. 

Fig. 7 is a diagram in which the curves are not true curves ; they are 
used for illustrative purposes only. 

A perfect steam engine, according to Rankine and others, was defined 
to be an engine working without loss, receiving the steam at the higher 
temperature and expanding it adiabatically to the lower temperature. 

Let A (fig. 7) represent an indicator diagram, the upper line above it 

* Professor Riedler has prodnoed a quick reciprocatiBg pump for qaick-numiog 
engines ; it is described in the chapter on pumps. 

a; 
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representing the adiabatic curve for the weight of steam admitted to the 
cylinder. Then the losses arise — 

a. From condensation in the cylinder. 

b. Clearance. 

c. Back pressure. 

(f. Incomplete expansion. 

The loss a is reduced by steam jacketing and superheating. By 
steam jacketing, cylinder condensation is reduced, but experience has 
shown that in jacketing the cylinders alone a less percentage of economy 
is obtained in a modem economical triple compound engine than that 
secured in ordinary compound or single-cylinder engines. 

The efficiency of the steam jacket is also influenced by the quality of 
the steam from the boiler. If water is admitted with the steam either 
by priming or from condensation in the steam pipes, then the steam jacket 




Fia. 7. — Diagram of Steam Engine Losses. 

has additional work to do in evaporating the water deposited on the 
surfaces by what is badly named ' wet steam.' 

Superheating may be effected by utilising the waste heat from the 
furnace gases, or by means of superheaters placed in the boiler flues. 
In the latter case the superheat may be obtained at the expense of boiler 
heat. 

Superheat is readily dissipated by radiation from long lengths of steam 
pipe. 

Superheating, or adding heat, is also done by introducing super-heaters, 
consisting of coils of pipe filled with steam at boiler pressure, into the 
receivers between the cylinders of compound engines. 

The loss from cylinder condensation is greater than that indicated by 
the shaded part a (fig 7), because without condensation the expansion 
might be carried further, and the loss from incomplete expansion, d, 
thereby reduced — that is to say, the indicator diagram, if coinciding with 
the upper line of the diagram might be extended till the terminal pressure 
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waa only equal to the pressure required to overcome the friotional 
resistance of the engine, whiob ma; be assumed, for illuBtration, to be 
die termin&l presaure of the diagram A. Re^vaporation takes place in 
the cylinder, because, during admission, the ojlinder walls are receiving 
heat, and during expansion they are giving it out. If we assume, for 
the sake of illustration, that the re-evaporation was complete at the end 
of the stroke, and that the terminal pressure of the indicator dit^ram A 
coincided with the point a of the adiabatio curve, then the loss from 
cylinder condensation as compered with 
adiabatio expanuon would be repre- 
sented by the shaded portion a. 

Olearance {6).— The loss from clear- 
ance spaces is sometimes considerable, 
especially in non-rotative engines, but 
when the non-rotative engine has a 
long stroke, the percentage loss may 
not be much greater than that of a 
short stroke rotative engine. Where 
oonsiderable clearance is necessary, as 
in non-rotative engines, the loss is 
reduced by cushioning, especially in the 
Cornish engine, in which the vis viva 
of the falling mass is taken up by the 
cushioning. 

Cushioning is also used in a large 
degree in the author's varying lever 
engine described in Chap. XII., and 
shown in detail in fig. 185, Chap. X. 

In rotative engines, experience is 
in hvour of reducing the clearance 
spaces, for, whatever may be the merits 
of cushioning in its influence on 
economy, it is undesirable to employ i 
it in a large degree in pum ping-en ginee 
controlled by a crank. Clearance spaces 
may be reduced by putting the steam valves in the covers of the 
cylinders, as shown in fig 8. 

Here the valves are of the Corliss type, and are clearly indicated in 
section. 

Back Pressure (c). —This loss is an important one, and demands attention, 
not only in the designing of the engine, but also in its daily working. 
Let the average presaure on the low-pressure cylinder be 20 lbs. per 
square inch. A hack pressure of 1 lb. will represent 6 per cent. A 
condensing engine working with a vacuum of 20 inches of mercury instead 
of 26 inches may be losing 16 to 20 per cent, in economy. 



o. 8.— Section of Steam Cjlinder with 
Corliw v»l»ea in covers fur r«<tneiDg 
clearance sp&ceB. 
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Condensers should be of ample capacity, and be provided with every 
facility for cleaning and repairs. We have heard it argued that aeon- 
denser is not part of a steam engine, but it is a good practical rule to look 
upon a steam engine with a bad condenser as a bad condensing engine. 

Incomplete Expansion (d), — The loss from incomplete expansion may 
be looked at in two ways. Practically, there is no use in continuing the 
expansion beyond the point at which the terminal pressure of the indicator 
diagram is no more than that required to overcome the useless resistances 
of the engine. Theoretically, the loss is represented by the space bounded 
by the adiabatic curve beyond the point e (fig. 7), and the bottom line 
or line of no pressure. Practically, there must be back pressure, and 
the most perfect condensing engines in use have a back pressure of 
about 1 lb. absolute, corresponding to about 100** F. In calculating 
the theoretical work for a given weight of steam, it is usual to calculate 
from the limits of temperature, and as lOO"* F. is the lower practical limit 
for the most perfect condensing engines, that temperature will be adopted 
by the author. The loss from incomplete expansion is, then, that 
represented by the area bounded by the adiabatic curve beyond e, and 
the bottom line representing about 1 lb. back pressure or 100° F. 

We shall see, further on, that the most economical condensing engines 
of to-day, compared with a theoretically perfect steam engine using 
saturated steam, give an efficiency ratio of over 60 per cent, so that the 
total of the losses which we have enumerated is imder 40 per cent. It 
must be observed that by carrying expansion further the loss from 
incomplete expansion may be reduced, but the mechanical efficiency of 
the engine may, at the same time, be reduced; for not only may the 
friction be increased by the larger engine, but^ as the mean pressure is re- 
duced, the friction becomes a larger percentage of the total indicated power. 

The indicator diagram, with all its defects, is the measure of the 
I.H.P. which forms the basis for scientific purposes of investigation or of 
comparison of different types of engines. It is therefore important that 
the diagram should be analysed as to the losses indicated in fig. 7, other- 
wise false conclusions may be arrived at. 

For practical purposes the thermal units expended for the work done 
is the important result^ but the losses as shown by an analysis of the indi- 
cator diagrams should not be ignored, because the result, good or bad, may 
have been greatly influenced, not by defects in the engine itself, but by 
the circumstances under which it was working. 

Frinmig and Steam Pipe Radiation. — Engines are very seldom sup- 
plied with dry steam. Proper precautions should be taken to drain off the 
water from the steam pipe. This should be done quite close to the stop 
valve by means of automatic steam separators. Insufficient attention is 
given to this matter, which is of great importance as affecting the economy 
of the engine. Steam pipes should not be unnecessarily large or long, and 
should be thoroughly well covered to prevent radiation. 
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FiictiODAl Losses. — It is usiial to express this loss in percentages of the 
I.H.P. of the engine. The mechanical efficiency of an engine is said to be 
70, 80, or 90 per cent., as found in the engine trial, but it is useful to 
know how many lbs. pressure per sq. inch of the piston that represents, for 
it is obvious that, within limits, the heavier the load on the engine, or the 
greater the mean pressure, the less may be the percentage of loss from 
friction. To obtain the greatest economy per I.H.P., it may be necessary 
in a particular case to work the engine with a low mean pressure, the 
frictional resistance forming a large percentage of the total I.H.P. The 
true economy is not expressed in terms of I.H.P., but in pump H.P., or, 
including the pimip H.P., in the quantity of water pumped or what may 
be termed water H.P. Non-rotative engines have generally the advantage 
in mechanical efficiency, but rotative engines of the most approved designs, 
suitably applied, are superior in economy per I.H.P. Geared engines have 
a low mechanical efficiency. 

Leakage. — The question of leakage through valves and pistons is one 
of great importance, as an engine of superior design may fail in economy 
from that cause alone. 

Qood workmanship in the working parts is of more vital importance 
than polished columns, although we may here remark that a well-finished 
engine receives more care from its attendant than does a less sightly 
machine. 

Standard of Comparison. — One steam engine may be shown to be 
better than another by its using less saturated steam per I.H.P. per hour 
or by its producing a greater number of work units per heat units 
expended. The thermal efficiency of the engine is thus expressed : — 

heat utilised 

Thermal efficiency — r — r r^j> 

'' heat suppued 

_ foot lbs. of work done 

Do. « 



units of heat supplied x 778 

778 being the recognised equivalent in foot lbs. of one British thermal 
unit. The efficiency of engines thus expressed enables one to compare 
their relative economy, but as higher pressures possess greater possi- 
bilities of economy, and engines may be condensing or non-condensing, 
we require a standard of comparison which shall be applicable to the 
conditions under which the engine works, whereby we may be able to 
judge how far it has been advanced towards perfection. The true standard 
is the ideal perfect steam engine — an engine taking steam at the higher 
pressure and expanding it adiabatically to the lower or exhaust pressure 
¥rithout loss. 

The formula for such an engine was determined by Rankine. 

The B.T.U. per H.P. for the standard engine of comparison can be 
calculated by means of the formulae which follow. 
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The formula for the thermal efficiency of the Rankine cycle for 
saturated steam is 

La + To^ T« 

in which formula the increase in the specific heat of water at higher tem- 
peratures affects the numerator and denominator nearly equally. 

The B.T.U. per minute per H.P. for the standard engine of comparison 
is 42*4, divided by the thermal efficiency of the Kankine cycle thus : — 

For saturated steam, the B.T.U. per minute per H.P. for the standard 

engine of comparison is : — 

42'4(Lg+ To-Tg ) 

(Ta-T.)(l + ^)-T*hyplogg' 

and similarly for superheated steam it is : — 

42*4{La+Ta-T« + 0-48(T<M-Ta)} 
(Ta-T«)(i+^) + 0-48(Ta*-Ta)-T.(hyplogg+0-48hyplog^) 

The meanings of the letters used in the above formulae are : — 

Ta = absolute temperature of saturated steam at stop-valye pressure. 
Taj = absolute temperature of superheated steam at stop-valve. 
Te = absolute temperature in exhaust. 
La = latent heat of steam at temperature To. 

As these formulse are somewhat difficult and tedious to work out, use 
is made of the ^ chart, and for practical purposes when great accuracy is 
not required the author uses a simple approximation. 

It will be observed that the leading factors are the higher temperature 

Ta and the lower temperature Te ; the former that of the steam entering 

the engine, and the latter that of the steam leaving it. 

Ta = temperature of steam at inlet 

Te = temperature of steam in exhaust at outlet. 

The engine may be condensing or non-condensing. In pumping-engine 
practice the value of Te may be taken. 

Ttf = 212** non-condensing. 
Te = 100" condensing. 

The rational minimum lower temperature Te of the condenser for the 
perfect engine would appear to be the mean temperature of the atmos- 
phere, 60*, but condensers must have a back pressure, and that corre- 
sponding to 100*" Fahr., or say 1 lb. pressure, is a good working standard. 
If we take as a standard 100'' as the lower temperature for condensing 
engines and 21 2** Fahr. (or that corresponding with the atmospheric pres- 
sure) for non-condensing engines, we may construct a very simple and 
usefid approximate formula which will enable us to compare the perform- 
ance of an actual engine with that theoretically possible, without the use 
of the Rankine formula. 

• ** Thermal Efficiency Report," Proceedings Inst. C,E,, 1898. 
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The following empirical formula is only applicable ik) saturated steam : — 

Let L = lbs. of steam per I.H.P. per hoar. 
T = the higher and t the lower temperatares. 

For condensing engines let t » lOO*", and for non-condensing engines 
let it be 212\ 

Then approximately in the theoretically perfect engine the lbs. of 
steam required per I.H.P. per hour would be for condensing engines 

2540 . A ' ' 2640 

,jf— jg, for non-condensmg engines ^_^^g . 

This formida should only be used for pressures between 30 and 200 
lbs. absolute ; but within these limits the errors are very small, as will be 
seen from the table below. 

The following table gives the theoretical values according to the 
Rankine formula and the author's approximation : — 



Oondensing Engine's Exhaust 
Temperature 100"* Fahr. 


Non-condensing Engine's Exhaust 
Temperature 212° Fahr. 


T. 


Boiler 
Press. 
Abs. 


lbs. of Steam 

per I.H.P. per 

hoar, Bankine 

Formula. 


2540 
T-4d 


T. 


Boiler 

Press. 

Abs. 


lbs. of Steam 

per I.H.P. per 

nour, Bankme 

Formula. 


2540 
T-192 


228 
267 
292 
812 
828 
841 
868 
868 
878 
882 


20 

40 

60 

80 

100 

120 

140 

160 

180 

200 


18-34 
10-82 
9-80 
9-13 
8-68 
8-86 
8-09 
7-88 
7-69 
7-68 


18-61 
11 19 
10-08 
9-34 
8-82 
8-43 
811 
7-86 
7-68 
7-48 


292 
812 
328 
841 
853 
363 
373 
882 


60 
80 
100 
120 
140 
160 
180 
200 


26-10 
20-69 
18-26 
16-72 
15-55 
14-72 
13-99 
18-40 


25-40 
21 16 
18-68 
1705 
16-78 
14-85 
14 08 
18-87 



The results given by the Rankine formula may, of course, be taken 
from the 6 (f> chart. 

The thermal equivalent of the work represented by 1 H.P, per hour is 

2540 RT.U. 

Let S = lbs. of steam used by the engine per I.H.P. per hour. 
T = Initial temperature of saturated steam (Fahr.). 

H =5 Total heat of 1 lb. of the steam, saturated or superheated, supplied to 
the engine in B.T.U., minus feed heat. 

Then, the approximate efficiency ratio for condensing engines s 



T-40xS 



and the tJiermal efficiency = 



2540 



HxS 
Example.— hbtT^BSO*' F, H=1300 B.T.U., and S=12 lbs., 

2540 



then 



and 



(880 - 40) X 12 
2540 



= 62-2% = efficiency ratio 
= 16*2% = thermaZ efficiency. 



1300 X 12 
The use of a theoretical standard is in practice that of comparison. 

3 
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The nearer the theoretJoal standard approaches to the aotnal conditions of 
the Hteam engine, the more UBeful will it be in showing the defects or 
perfections of one engine as compared with another. 

For praotical use we have oonstmcted diagrams (figs. 9 and 10) show- 
ing at a glance the theoretical we^hts of feed water per LH.F. per houi 



Flo. S. — The omre in tUg diogmm rcprewiita bj ths vertio*! oTdiiutM ^m th« bsM 
Una ths number of lb*, of itesm required bj & peirect eogine, in wbioh the st«am 
U admitted at the tempontona and pTMsnraa indicated bj the horiiontal linea. 

for different initial preesuree in the engine, and above the ourre are plotted 
tiie actual performances of engines from trials. 

The baens of an engine trial is the number of lbs. of steam used per 
I.H.P. per hour : that must be known whatever is omitted. If super- 
heated Bteom is employed, then the added heat must be taken into account. 

It must be observed that the formula and charts above given are con- 
structed on the suppoution that the feed to the boiler is taken at the 
exhaust temperature, heated by the exhaust of the engine. That is to say, 
with condensing engines the feed is at 100*, and with non-condensing 
engines 212* Fafar. That ie^ an ideal condition, and can very nearly be 
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approached in practice. It will be observed that the ideal engine expands 
the steam adiabatically down to the back pressure of the condenser, but 
actual engines do not usually expand the steam to a lower pressure 
than 10 lbs. absolute. 

With engines working in the Cornish cycle of steam distribution, it is 
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Fig. 10. — ^The cnrye in this diagram represents by the yertioal ordinates from the base 
line the OTimber of lbs. of steam required by a perfect engine in which the steam 
is admitted at the temperatures and pressures indicated by the horizontal lines. 

possible to heat the feed water to a higher temperature than that of the 
condenser (fig. 14, Chap. II., and fig. 86, Chap. V.). 

EfSciency Batio. — The relation between llie actual performance of an 
engine and that of a perfect steam engine working between the same 
limits of temperature is called the efficiency ratio. 

Effidenov Ratio = lbs, of steam per I.H.P. per hour for the perfect engine . 

lbs. of steam per I.H.P. per hour for the actual engine. 

On reference to the efficiency curve (fig. 9, p. 28), it will be seen 
that a perfect steam engine, taking saturated steam at 382" Fahr., and 
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exhausting it at 100" Fahr., requires 7*5 lbs. of steam per I.H.P. per hour. 

If the actual engine has been found to use 12 lbs. of steam under the same 

conditions as to initial and exhaust temperatures, then the efficiency 

7*5 
ratio =_=62-5 per cent. 

In other words, the actual engine performance is 62*5 per cent, of that 
of a perfect steam engine using saturated steam without loss. 

The number of thermal units per I.H.P. per hour expresses the 
economy of the engine, irrespective of steam pressure employed, but the 
efficiency ratio expresses the economy, taking the steam pressure into 
consideration. Having a given steam pressure, and knowing the weight of 
steam per I.H.P. per hour used by the engine, the question arises — Is the 
engine a good or a bad one ? The efficiency ratio gives the answer at once ; 
and if we know the best efficiency ratio which has been obtained with 
engines of that type, we at once know how far the engine in question 
departs from the best practice. 

In this respect the efficiency ratio will be found to be of great practical 
use. To take an example. A triple expansion pumping-engine may have 
been found to give in working one I.H.P. per minute for 230 heat units. 
That may be considered a bad result as compared with another engine of 
the same type, but the two engines compared may have worked with 
different initial pressures, and the efficiency ratios may have been the 
same in both cases. The potential of the steam is taken into consideration 
in the efficiency ratio, just as the evaporative efficiency of the boiler and 
coal must enter into the calculation if we wish to estimate the relative 
economy of the engines from the coal consumption. 

Practical Use of the Batio.—If we refer to the table on page 37 it will 
be seen that the best efficiency ratios of the practical examples given for 
the different types of engines are approximately — 

Condensing Engines, 

Gorniah, single acting, . . . 60 per cent. 

Single cylinder, double acting, . .46 

Gomponnd donble acting, . . .55 

Triple compound donble acting, . . . 60 to 65 „ 

In the Table we have not been able to distinguish in all cases between 
the trials which give results in lbs. of feed water, and those which give 
lbs. of diy steam. The Cornish and marine examples of many of the others 
are expressed in lbs. of feed water, whilst the triple pumping-engine 
examples give lbs. of steam. 

If all the trials were on the same footing in lbs. of steam, the efficiency 

ratios of the best examples would probably be represented approximately 

thus: — 

Cornish, single acting, . . . . 66 per cent. 

Single cylinder, double acting, . . .46 

Compound donble acting, . . . .65 

Triple compound donble acting, . . .66 
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These figures must not be taken as standards of practical perfection, 
but if the best results are thus tabulated, a standard of comparison for 
each type of engine may be found; and any engine giving a lower 
efficiency may be said to fall short of the best modem practice. 

The following tables contain the results of selected engine trials, and 
a colunm giving the efficiency ratio in each case. 

Stbam Enoinb Trials. 



Ttfb of Engine. 


Reference 

Number 

of Trial.* 


Initial 
Pressure. 


Ratio of 
Expansion. 


lbs. of 
Steam 

per I. H. P. 

per hour. 


Efficiency 
Ratio. 










t 


O/ 


Gomish, .... 


2 


31 J 


2-83 


24 00 


49 


% % ■ * 


. . 


52 


27 J 


8 12 


21-88 


67 




• • 


55 


34-25 J 


3-87 


20-72 


66 


■ t * * 


a . 


53 


40 J 


4-17 


20-08 


64 


i> • 


. . 


54 


36 J 


4-28 


18-82 


60 


Single Cylinder Rotative, . 


1 


34 J 


2*63 


26-69 


42 


It H ' 


la 


36 N 


2-34 


8214 


36 


f) II 


60 


105-79 N 


4-76 


20-87 


42 


II II • 


68 


104-77 N 


4-93 


1915 


46 


II »l 


59 


102-79 N 


5-13 


19*22 


46 


Marine Compound, . 


3 


77-5 


4-96 


21-73 


43 


II II ' * 


4 


66-5 


5-38 


21-17 


46 


II ii • • 


5 


108-0 


671 


20-77 


41 


Three Qylinder Compound, 


6 


91 J 


6-06 


18-11 


60 


f, ii 


6a 


91 N 


5-98 


19*15 


46 


Rotative , 




7 


78 J 


6-36 


19-52 


47 


If t 




7a 


75 N 


5-62 


21-06 


44 


Non-rotative , 




57 


72-2 J 


9-17 


17*70 


63 


Rotative , 




8 


102 J 


9-48 


15*90 


66 


II 1 




8a 


99 N 


8-61 


17-67 


50 


„ Beam , 




10 


60 J 


10-08 


16-64 


69 


%% IS 1 




10a 


64 N 


9-5 


18-20 


63 


II ti 1 


, 


56 
9 


109-2 J 


10-16 


16-24 


52 


Rotative Triple Expansion, 


127 J 


10-07 


15-870 


64 


It » >i 


9a 


129-5 N 


9-54 


17-170 


50 


Marine „ ,, 


12 


187-5 


11-60 


19-880 


41 


II i> 1* 


13 


164-0 


11-60 


14-970 


53 


Pumping „ „ 


15 


128-5 J 


15-30 


14-240 


60 


II II ** 


15a 


126 N 


14-40 


14-690 


66 


II II *i 


16 


182-7 


16-14 


12-166 


67 


II II II 


17 


127-5 J 


16-30 


13-160 


68 


II II II 


17a 


126-5 N 


15-60 


13-470 


61 


Marine „ ,, 


19 


164-5 


18-90 


13-360 


68 


Pumping „ 1, 


18 


142 J 


18-53 


16-450 


53 


II II 11 


18a 


142 N 


16-50 


17-220 


50 



Note. — J and N in col. 2 indicate jacketed and non -jacketed reepectively. 

* See Table following. 

t This column to be quite accurate should give lbs. of dry steam, but we have not 
been able to distinguish between the figures which give steam and those which give 
feed water. 
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Refbbsncbs to Trials. 



Reference 
Namben. 



la 

2 

8 

4 

5 
6 

6a 

7 

7a 
8 

8a 
9 

9a 
10 

10a 
12 

18 
16 

15a 

16 

17 

17a 

18 

18a 
19 

62 

68 
64 
66 
66 
67 

68 
69 
60 



Steam-jacket Research Committee, Inst. Mech. Engs. (2nd Report). Trial 
by Prof. Unwin. 

Ditto. 

Trial by Mr Henry Davey of Engine at the Wolverhampton Waterworks. 

Research Committee on Marine Engine Trials, Inst. Mech. Engs. (Pro- 
ceedings, 1890). Trials by Dr Kennedy. 

Ditto. 

Ditto. (Proceedings, 1892.) 

Steam-jacket Research Committee, Inst Mech. Engs. (8rd Report). Trials 
by Mr Bryan Donkin. 

Ditto. 

Steam-Jacket Research Committee, Inst. Mech. Engs. (2nd Report). Trial 
by Prof. Unwin. 

Ditto. 

Steam-jacket Research Committee, lust. Mech. Engs. (3rd Report). Trial 
by Prof. Beare. 

Ditto. 

Steam-jacket Research Committee, Inst. Mech. Engs. (8rd Report). Trial 
by Mr Bryan Donkin. 

Ditto. 

Steam-Jaoket Research Committee, Inst. Mech. Engs. (2nd Report). Trial 
by Mr Mair-Rumley. 

Ditto. 

Research Committee on Marine Engine Trials, Inst. Mech. Enga (1890). 
Trials by Dr Kennedy. 

Ditto. (1889.) 

Steam-jacket Research Committee, Inst Mech. Engs., East London Water- 
works (8rd Report). Trial by Messrs Beare, Donkin and Davey. 

Ditta 

Trial by Prof. R H. Thurston. 

Steam-jacket Research Committee, Inst. Mech. Engs., East London Water- 
works. Trial by Messrs Beare, Donkin and Davey. 

Ditto. 

Steam-jacket Research Committee, Inst. Mech. Engs. (2nd Report). Trial 
by Mr Henry Davey. 

Ditto. 

Research Committee on Marine Engine Trials, Inst. Mech. Engs. (1891). 
Trial by Dr Kennedy. 

Clark's SUam Engine, vol. iL p. 609, East London Waterworks Trial by 
Mr C. Greaves. 

Ditto. 

Ditto. 

Ditto. 

Trial by Dr Kennedy, The Engineer, 29th Augnst 1890. 

Trial by Prof. Unwin of Engines at West Middlesex Waterworks. Engineer- 
ing, 7th December 1888. 

Trial by Mr J. W. Hill, (XncinnatL Clark's Steam Engine, vol. IL p. 616. 

Ditto. 

Ditto. 



OoBt of Motive Power. — The motive-power engines employed to work 
pumps may be steam, water, gas, or oil engines, and the application of the 
power may be made direct or not ; by transmission electrically (with or 
without gearing) ; or by means of water or air pressure. The choice of 
the motive power and the mode of its application should be governed by 
considerations of adaptability, economy, and convenience. It is sometimes 
commercially expedient to employ a system or power that is uneconomical 
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in fuel. Where the power to be applied is small, it often happens that 
the cost of fuel alone is of smaller importance than other matters. There 
is no general rule that can be applied, and without looking at the question 
in all its bearings from a practical and commercial point of view, false 
conclusions may be the result. 

Efficiencies, thermal and mechanical, should be inquired into, but 
the argument is not complete that does not lead up to the commercial 
efficiency^ or the least expensive way of doing the work, taking all 
matters of expenditure and convenience into consideration. It is difficult 
to state in a book all that is necessary for a complete judgment in 
this matter. 

Where the power to be applied is very large the cost of fuel is one of 
the most important, and sometimes the most important, consideration, and 
in this connection the fuel per indicated horse power and the thermal 
efficiency are as misleading, if taken alone, as the old and now happily 
obsolete term " nominal horse power." 

Where the power is applied direct in, say, a water motor, then the 
mechanical efficiency ef the machine determines the useful power available ; 
but when we come to compare the consumption of fuel in steam, gas, and 
electric plants, we have a multiplication of efficiencies to deal with. We 
will proceed to make the comparison in a simple way. 

1 hone power = 83,000 foot lbs. per minute. 
.•.1 „ =1,980,000 „ per hour. 

One British thermal unit of heat = 778 foot lbs. The thermal equivalent^ 
then, of one horse power per hour = * ' — = 2545 British thermal units: 

written 2545 B.T.U. 

Lbs. of coal per horse power per hour=»'^'^' Pf'J^^"" ^^^^ F^^ ^^"- 
'^ '^ '^ B.T.U. perlb. ofcoaL 

Assuming 1 lb. of coal to have a thermal value of 13,000 B.T.U., 
then we have the theoretical value of one horse power in lbs. of coal 

,25^=. 19 lb. 
13,000 

The thermal efficiency of a steam engine and boiler combined^ using 
1*9 lbs. of coal per horse power per hour, is then 10 per cent These 
figures will assist us in the following argument. 

Steam Plant, — The thermal efficiency of a well-designed boiler plant 
may be estimated at 70 per cent., and that of the engine 15 per cent. 
The mechanical efficiency of the engine may be 90 per cent. The total 
efficiency in work done at the engine-shaft will then be : — 

70 % X 16 % X 90 % = 9-46 %. 

Taking the thermal value of the coal at 13,000 British thermal units 



40 PUMPING MACHINERY. 

for one lb. of coal, the thermal equiyalent of the work done at the 

engine-shaft in B.T.U. will be, per lb. of coal : — 

18,000 X 9-46 % = 1228 B.T.U. 

2545 
And the coal per actual horse-power hour « 2 lbs. 

1228 
Gas Plant. — The total thermal e£Bicienoy of the gas producer may be 
taken as 60 per cent., that of the engine 25 per cent., and the mechanical 
efficiency of the engine 80 per cent. The resultant efficiency will then be : — 

60 % X 25 % X 80 % = 12 %. 

Taking the same thermal value for the coal as before, we have as the 
thermal value for the work done at the engine shaft : — 

18,000 X 12% = 1660B.T.U. 

2545 
The lbs. of coal per actual horse power will be 7?^= ^'^ ^^* 

The foregoing calculations may be taken to be a fair comparison for 
large engines when the steam engine is a first-class condensing engine, 
and the gas engine a first-class one with its own producer. In applying 
such engines to work pumps, the steam engine may be used direct, but 
the gas engine requires gearing. The loss of effect in the gearing may 
more than counterbalance the superior efficiency at the gas-engine shafts 
so that the net effect in water raised is in favour of the steam engine. 
Taking coal, having a thermal value of 13,000 B.T.U. as before, at sixpence 
per cwt., we get from the gas producer 13,000 x 60 per cent. = 7800 RT.U. 
per lb. of coal, or 7800x112 = 873,600 B.T.U. for sixpence. If the 
producer gas has a calorific value of 120 B.T.U. per cubic foot^ and is 
sold for working pumps of a large size and power, it must be supplied 
at a rate of 7280 cubic feet for sixpence to compete with steam for 
pumping purposes on a large scale. 

It will be seen from the foregoing calculations that gas cannot well 
compete with steam, where the steam engine is applied direct and the 
gas engine is applied through gearing. As a matter of fact the gas 
producer, at present, requires more expensive fuel than the steam boiler ; 
but for driving machinery the gas engine and producer are entering into 
competition with the steam engine and boiler. 

Draining Mines, — Both gas and steam plant with electric transmission 
of power have been proposed for draining mines, with the idea of dis- 
pensing with the use of pump- rods in the shafts. Steam power with 
electric transmission has been carried out with plants of considerable 
power, illustrations of which will be given further on. 

The mechanical losses in applying electric transmission to the working 
of pumps in a mine underground may be thus estimated : — 

MechanictU Efficiencies, 

Dynamo, . • . . . . .90 per cent; 

line, etc, . . • • • . 90 „ 

Motor, . • • • • • .86,, 
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The meohanioal efficiency of the electric transmission of the power alone 
is then 69 per cent. 

The power may be applied to the working of plunger pumps by means 
of gearing, by direct driving from a slow-speed motor, or the motor 
may be applied direct to the spindle of a high-lift centrifugal pump. 

The mechanical efficiency of the three systems may be /or the pumps 
(done: — 

Direct driving from ft low-speed motor, say 150 revolatiouB,* 80 per cent. 
Pomps driven through gearing, . . . • 70 ,, 

Centrifugal high-lift pumps, . . . 50 „ 

We then have as a total mechanical efficiency where centrifugal pumps 

are used, say, 35 per cent. ; and the coal per pump horse-power hour will 

be, with coal of 13,000 B.T.U. value, 2545 divided by 330, which is 

practically 7*7. 

A pumping-engine working spear-rod pumps direct may have a 

thermal efficiency of 15 per cent., and a mechanical efficiency of engine 

and pumps combined of 80 per cent. Taking the boiler efficiency as 

before, the B.T.U. utilised per pump horse power will be 1092, and 

2545 
the coal per pump horse-power hour— ^ = say 2*4 lbs. There is then 

a large margin in favour of the direct application of steam power, and 
a steam engine of quite moderate thermal efficiency will compete with 
electric transmission. 

The above line of argument will enable a comparison to be made of 
different systems where the efficiencies differ from those assumed. It will 
be seen that the cost of fuel is increased where electric transmission is 
adopted, because of the various losses in mechanical efficiencies ; but there 
are other questions of equal or more importance. 

When pumps are worked by means of gearing or are of the centrifugal 
type, the mechanical efficiency is small. For very small powers that loss 
of efficiency does not matter much, but for large powers it is serious. 

As regards the centrifugal pump, this pump is now adapted to high lifts 
by putting two or more pumps in a series, either as separate pumps or 
combined in one casing. We have assumed a mechanical efficiency of 
50 per cent, for this pump in our calculations, as our experience is that 
50 per cent, is as much as is generally secured in practice. The maximum 
efficiency is only secured under critical conditions ; as a slight falling off 
in speed reduces the efficiency enormously, and in this respect compares 
very unfavourably with the plunger pump, the efficiency of which is but 
little affected even by large variations in speed. 

Efforts are being made to work plunger pumps direct from electric 
motors, examples of which will be found in another chapter. 

In the foregoing calculations we have not assumed the highest 
efficiencies which may be obtained in special trials, but such efficiencies as 
are consistent in practice and are fairly comparable. 
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Table showing the number of Ibe. of saturated steam required per 
I.H.P. per hour, with various steam pressures and efficiency ratios: — 



Ck>irDEN8iNO Bnoinxs, Lower Temperature 100* Fahr. 


Steam Pres- 


lbs. of Steam per 


lbs. of Steam per 


lbs. of Steam per 


lbs. of Steam per 


sure Absolate 


I.H.P. per hour 
with an EflSciency 


I.H.P. per hour 
with an Efficiency 


I.H.P. per hoar 
with an Efficiency 


I.H.P. per hour 
with an Bfficienoy 


in lbs. per 


aq. in. 


Ratio of 40 %. 


Ratio of 50 %. 


Ratio of 60 %. 


Ratio of 70 %. 


40 


27-06 


21-64 


1808 


15*45 


60 


24-50 


19-60 


16-88 


14*00 


80 


22-82 


18-26 


15-22 


18*04 


100 


21-70 


17-86 


14-46 


12-40 


120 


20-90 


16-72 


18-98 


11*94 


140 


20*22 


16-18 


18*48 


11*56 


160 


19-70 


16-76 


18-18 


11-26 


180 


19-22 


15*88 


12*82 


10-98 


200 


18-82 


16-06 


12-55 


10-76 



Table showing the number of lbs. of saturated steam required per 
I.H.P. per hour, with various steam pressures and efficienoy ratios: — 





NoN-CoxDXNBiNO Enoikbs, Lower 


Temperatore 212* 


Pahr. 


Steam Pres- 


lbs. of Steam per 


lbs. of Steam per 


lbs. of Steam per 


lbs. of Steam per 


sure Absolute 


I.H.P. per hour 
with an Efficienoy 


I.H.P. per hour 
with an Efficiency 


I.H.P. per hour 
with an Efficiency 


I.H.P. per hour 
with an Efficiency 


in lbs. per 


sq. in. 


Ratio of 40 %. 


Ratio of 50 %. 


Ratio of 60 %. 


Ratio of 70 %. 


40 


84-67 


67-74 


56*45 


48-89 


60 


62-75 


50-20 


41-88 


86-86 


80 


51-72 


41-88 


84-48 


29-56 


100 


45-62 


86*60 


80*42 


26-07 


120 


41-80 


88-44 


27-86 


28-89 


140 


88-87 


81-10 


25-92 


22-21 


160 


86-80 


29-44 


24-68 


21*08 


180 


84-97 


27-98 


28-82 


19*99 


200 


88-50 


26-80 


22-83 


19*14 



Beferring to the table on the opposite page, it will be observed that the 
Cornish engine efficiency ratio in the last column of the table is very low. 
That is accounted for by the fact that the initial pressure in the cylinder 
w£is low: the expansion was small, and the diagrams show a great loss 
from throttling during the equilibrium stroke, and considerable back 
pressure in the condenser. The engine, however, is not a true Cornish 
engine, but a Boulton k Watt engine, lifting the water on the steam 
stroke. This is a type of engine which could not possibly give a high 
efficiency ratio. The true Cornish engine gives a ratio as high as 60% 
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or more. Here, then, is the iise of the ratio in discovering how imperfect 
an engine is of its type. 

Steam Distribution. — On the opposite page we illustrate by diagrams 
the different systems of steam distribution used in pumping-engines (fig. 1 1). 

No. 1 is that of the ordinary non-eaepansive single cylinder steam pump. 
It is difficult to say what is the usual consumption of steam per H.P. 
When non-condensing, it is probably 100 lbs. or more per pump H.P. per 
hour, but notwithstanding this wastefulness, such pumps have a commercial 
value in the cheap and ready way in which they are applied to all sorts of 
temporary and, in fewer cases, permanent work. Considerable improve- 
ment is obtained by compounding and condensing. 

The author has applied the single non-condensing steam pump in 
special cases in a way which has resulted in considerable economy of steam. 
The system is explained by the following diagram (fig. 12). 

At the Whitacre piunping station of the Birmingham Water Works 
there are two sets of steam boilers, one supplying steam at 70 lbs. pressure 
to the compound engines, and the other at 30 lbs. pressure supplying 
steam to the Cornish engines. 

The low lift pumps for lifting the river water to the filter beds are of 
the simple duplex steam pump type, and are worked from the high-pressure 
boilers, exhausting into the low-pressure ones. 

At the Aston station of the Birmingham Water Works, where there 
are six large low-pressure engines working with 20 lbs. boiler pressure, 
it became necessary to increase the pamiping power with a small capital 
outlay, and the author adopted the system illustrated in fig. 13. 

A large non-condensing compound steam pump (illustrated in fig. 236, 
Chap. XIII.), capable of raising 3,000,000 gallons per day 250 ft. high, was 
erected, together with a battery of boilers having a working pressure of 
130 lbs. 

The low-pressure engines were all connected to one low-pressure steam 
main, and the new steam pump was made to exhaust into the low-pressure 
system; in that way the low-pressure engines were supplied with steam 
largely from the exhaust of the compound steam pump. 

No. 2, fig. 11, illustrates the distribution of steam in a single cylinder 
engine. 

No. 3, fig. 11. Woolf compound engine^ in which there is a cut-ofi 
valve on the high-pressure cylinder only. In such engines there is gene- 
rally a considerable drop in pressure between the cylinders, especially if 
the pistons move in the same direction, because then the steam port 
capacities become large. 

No. 4, fig. 11. Receiver engine. That is a compound engine having 
a cut-off valve on both cylinders. A receiver between the cylinders 
becomes necessary, and the cut-off should be so arranged that the initial 
pressure in the low-pressure cylinder is about equal to the terminal 
pressure in the high-pressure cylinder. 
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Cornish Oyde Engines, 

All the four systems of steam distribution admit of the Comish cycle. 

In No. 5, fig. 1 1, where there is no expansion, the steam is admitted 

to one side of the piston, and, after doing its work, is passed to the other 

BIRMINGHAM WATER WORKS. 



Astcii^ SlaJtUnv. 



Arrangemenl/^ of 
CorrUsh EngtnM> 
anJL FwA-'waZgr Ife€tter, 




Scale. ^/4*8^ 



To Gmdtnser 



Fig. 14. — ArraDgement of Feed-water Heater ; Aston Pumping Station. 

side of the piston to be discharged to the atmosphere or to a condenser 
on the next steam stroke. 

No. 6, fig. 11, is a diagram of the ordinary Comish engine distribu- 
tion. The limit of expansion in the ordinary Comish engines is from three 
to four times. The engine is therefore worked with low-pressure st.eam. 

No. 7, fig. 11» illustrates the distribution in a compound Comish 
cycle engine — that is, an engine in which both the high- and low-pressure 
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oylinden are single actiag, both taking steam together, and both taking 
the equilibrium stroke together. There b a out-off in the high-pressure 
cylinder only. 

No. 8, fig. 11, is from a Bimilar engine having a out-off in the low- 
pressure SB well aa in the high-pressure cylinder. 

The Cornish cycle admits of a system of heating feed water advan- 
tageously to a temperature above that of the exhaust steam. During 
the equilibrium stroke of the engine the steam is but little below the 
pressure of release, generally about 10 Ibe. absolute or 194°. Now if a 
pipe having a non-return valve be token from the equilibrium pipe of tiie 
engine to a feed-water heater, as shown in fig. 14, the feed water will be 
heated advantageously to a temperature &r above that of the exhaust 
(100*) by steam which has done its work, but which is retained in the 
cylinder during the equililmum stroke. 

The feed heater shown on previous page was applied to a Boulton & 
Watt engine from which the diagrams fig. 1 6 were taken. 

In dt e ^ tO' DiOaraynjr. 



Fro. IB.— Indtcalor Ditgruna 

It will be seen that the equilibrium steam happened to be at about 
atmospherio pressure. 

Other applications of the system are shown In figs. 16 and 17. 

Fig. 17 illuBtratee the construction of a condensing steam pump 
working without expansion, and heating the feed water to a very high 
temperature. 

Let the steam pressure be 100 lbs. per square inch, equal to 326° Fahr. 
During the equilibrium stroke the pressure might fall to say 80 lbs., 
equal to 312° Fahr. 

On the opening of the exhaust valve, the exhaust steam would fall to 
say 100* Fahr. ; that steam would pass through the first section, A, of 
the feed heater. During the equilibrium stroke some of the equilibrium 
steam would pass into B, the second section of the heater, nusing the 
temperature of the water to say 300° Fahr. 

Fig. 16 illustrates one pair of cylinders of a double-acting Cornish cycle 
rotative engine having cranks opposito each other. Steam is admitted 

4 



5° 



PUMPINQ MACHINERY. 



and expanded above the top piston, then it is passed to the bottom wde, 
where there might be placed a coil constituting a superheater. The steam 
from there passes during the next steam stroke to the top of the bottom 
piston : from there it pasees during the up stroke to the under nde of the 
piston to be disobaiged through the heater A to the condenser on tiie 
down stroke. 

The down stroke is the steam and exhaust stroke, and the up the 
Wia. IB. Fio. 17. 




Condenser 
Steam DiSTRiBUTKiw 



Steam Distribution 



DistriLntion of Steam. Heaters, 
equilibrium stroke. This engine may be worked on the receiyer system 
of steam distribution as indicated by the diagram £, and the feed-water 
heaters applied as shown. The engine is made double-acting by having 
two pairs of cylinders like those shown in the illustration with the pistons 
connected to cranks opposite to each other. 

This form of engine has the advantage of having no lifting strain on 
the cranks, so that it may be run with loose bearings, the wear being 
always in one direction, and the bearings free from knock. 
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Types of Pumps. — ^The following illustrations of pumps are mere 
diagrams showing the peculiarities and characteristics of different tjrpes. 

Bucket Pump, No. 1 (fig. 18). — This is the ordinary form of bucket 
pump. It consists of a hollow piston provided with a yalve, the com- 
bination being called a * bucket.' Below the bucket is a valve called a 
'foot' or 'retaining valve,' commonly called a 'clack'; below the foot 
valve is the suction or supply pipe, and above the bucket is the rising 
main or delivery pipe. This pump may have an open top, the 
delivery of the water taking place over the top of the rising main, 
or the top may be closed by a cover having a stuffing box through 
which the rod passes. The water is then delivered through a 
branch in the rising main, from which a pipe may be taken in 
any direction. 

The common hotise pump is of this type ; when open topped 
it is called a 'lift pump,' but when the top is closed and the 
water is forced to a cistern above the pump, it is then called 
a ' force piunp ' ; but the general and proper distinction between 
lift and force pumps is that bucket pumps of all kinds are lift 
pumps, and plunger pimips force pumps. When the plunger 
is combined with the bucket, it is called a ' lift and force pump.' 

In the larger applications of the bucket pump it is called 
a ' bucket lift,' meaning that the water is lifted on the bucket 
in contradistinction to its being forced by a plunger or piston. 
In the bucket pump the total work in pumping the water is done on the up 
or lifting stroke, for that is both the suction and the delivery stroke ; the 
return or downward stroke is ' idle,' no work being done, and the bucket 
simply passes through the water to take its position for the next active 
stroke. The work is nearly all done on the up stroke, the resistance to the 
downward stroke is simply the friction of the bucket and the resistance of 
the water in passing through the bucket. This was the earliest form of 
mine pump worked by the Newcomen and Watt engines. It suited the 
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engines in being etngle acting, and was attached to the outer end of the 
engine beam whilat the steam piston was attached to the inner end. 

The unbalanced weight of the pump rods overcame the friction of the 
engine and pump on the down stroke, but the down stroke was a source 
of accident from what ia termed a 'riding column.' 

Assume that the pump has been working properly and that the 
rising main or pump above the bucket is full of water, and that the bucket 
makes an up stroke without taking in any water below it, either 
from the failure of water supply or from an air leak in the pump 
below the bucket, then on the commencement of the down stroke 
the bucket will be forced down not only by the unbalanced weight 
of the pump rods, but by the addition of the full water load on 
the bucket, which in the case of large pumps may be 10 to 30 
tons or more. Such a weight falling freely through only a few 
feet is a serious matter as regards the safety of the plant. This 
and other questions affecting the safety of pumps will be dealt 
with in other chapters. We have seen that this bucket pump 
is entirely single acting. 

Bueka Pump, No. 2 (fig. 19).— It is obvious that if two bucket 
pumps are employed, one making the up stroke whilst the other 
Fio. le. makes the down stroke, then double action ia secured, and such 
Baukflt arrangement is admissible where sufficient space is available, but 
'"^' it often happens that pumps have to be put in veiy confined 
apaoea, such as bore holes, and then it is important to get the greatest 
delivery from a given sized pump. The pump now under notice is made 
double ao^g by placing two buckets in the same pump 
barrel, one below the other. To insure the double aotion 
one bucket must be going up whilst the other ia going 
down ; the buckets must therefore have separate rods ; this I 
is usually accomplished by making the rod of the upper 
bucket a tube through which the rod of the lower bucket 
passes, A little reasoning on the action of the two buckets 
thus actuated will enable one to see that a foot valve 
is not required and that we really have a double-acting I 
pnmp with only two valves, one on each bucket. 

It will be seen that during the down stroke of the 
bottom bucket (which takes place simultaneously with 
the up stroke of the top bucket) water equal to the full 
displacement of the double stroke is taken through the FlaigBr Pnmp. 
bottom bucket valve, so that the speed of water through this valve is 
double that through the valves of on ordinary bucket pump, and the 
speed through the upper bucket is the same aa through the lower one. 
Plunger Pump. —The ordinary plunger pump is indicated in fig. 20. 
In this pump the displacement of the water ia by means of a rod or 
plunger A working in a barrel provided with suction and dehveiy valves, 
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B and E. The work done on the Buction side is accomplished during the 
up stroke^ whilst that of the deliverj is effected during the down stroke. 
One of the advantages of this type of pump over the bucket or piston tjpe 
is that the packing of the plunger can be applied from the outaide, and the 
superior form of packing makes the pump suitable for greater columns or 
preseuree of water than are possible with buckets. As the work done on 
the deliver; stroke is generaltj, with this pump, immeusely greater than 
that done on the suction stroke, the pump plunger is chiefly under com- 
preesion strain, and when applied to mining purposes, it is expedient to 
make the weight of the pump rods above the plunger sufficient to over- 
oome the resistance to the plunger on the down stroke. On the up stroke 
the work done by the engine is that of lifting the weight of the plunger 
and rods, and overcoming the reaiatance of the column on the 
suction side of the pump. The height of the auction colunm 
is that from the level of the water to the top of the plunger 
barrel 

We have already noticed in the history of the pumping- 
engine that the introduction of this type of pump changed 
the character of the Boulton ik Watt engine, and constituted 
it the CJomish engine for reasons explained elsewhere. This 
pump in its various modifications is applied to almost all 
purposes where very high prwsures have to be dealt 
with. 

The packing of the plunger is simple enough for almost any 
pressure in practice. There are many kinds of packing made, 
but a hemp ' gasket,' plaited square, and steeped in bailing ^* ' 
tallow, is almost as good as anything. The valves are of piongeTPninp, 
various kinds, governed by the speed of the pump, the pressure, 
the state or nature of the water, and other practical considerations. This 
remark applies to all other pumps. 

Btteket and Plunger Pumps (fig. 21). — This is a combination of the two 
types of pumps already noticed, and its action will be readily understood 
from the figure. This pump is double acting on the delivery, and single 
acting on the suction side. The area of the plunger A is usually half 
that of the bucket B ; in that case the work done on each stroke is not 
equal, because all the work of the suction side is done on the up stroke. 
It has been observed in the working of this pump, as also in the bucket 
pump, that when (in exceptional cases) the suction pipe is of considerable 
length, and the height to which the water is pumped is small, that the 
pump when driven fast may deliver more water than is accounted for by 
the displacement of the bucket. This is interesting and is worth notice. 
The reason may be thus given. The suction pipe, having no air veesel 
connected to it, oontoins a body of water which is put into motion by the 
action of the bucket, and if the weight and velocity of the water are 
sufficient, the momentum will keep the water in motion after the bucket 
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has completed its suotion stroke and is making the return stroke. A 
fuller explajiation will make this clear. 

Let the euction pipe be 100 ft long with a oapacit; of 1 gallon or 
10 lbs. per foot, and let the water in the pipe be put in motion with a 
velocity of, eay, 6 ft. per second ; then the stored energy in the water 

as- — where W=the weight of the water whiob in this oaae is 1000 lbs. 
The stored energy is then ^^^'' —=560 ft. lbs. about. So that before 

the water could be brought to rest, 660 foot lbs. of energy would have to 
be expended. Now let the top 
of the delivery pipe be 10 ft 
above the source of supply, then 
5'6 gallons flowing over the top 
of the pipe would represent C60 
foot lbs. This is more than would 
actually flow over, because of the 
friction of the pipe, and the work 
done in moving the water entering 
the suction pipe, but the illustra- 
tion suffices to show the reason for 
what has been observed in excep- 
tional oases. It must be explained 
that the work done by the pump 
is represented by the water actu- 
ally delivered, notwithstanding 
the action just deecribed, because 
the work done in imparting 
velocity to the water is part of 
the total work in all coses, but 
with ordinary reciprocating 
pumps, it forms but a small part 
of the total power expended on 
the water. 

Fio. 32.— Buckat *iid Planger Poinpi— worked Fig. 22 shon« a form of 
rom ngine. bucket and plunger pump used 

with beam engines at the New £iver Water Works. 

Pieton and Plunger Pump (fig. 23). — This is a pump of the character 

of the bucket and plunger, the bucket having been replaced by a piston. 
There are two valves only, as in the plunger pump. The internal 

packing of the piston is an objection, but sometimes the piston is replaced 

by a plunger and packing boxes introduced, as in the double-acting plunger 

pump (figs. 26 and 26). 

DmMe-actitig Pieton Box Pump {Gg. 24). — This is a form of pump 

much used for low lifts, and is generally provided with multiple valves. 
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Doubla-aeiing Plunger Pumpa (figs. 25 and 36). — Both forma ore much 
used, especially in mining work. 

Tltre04hroui Plunger Pumpt (fig. 27) and Three-thrmn Bucket Pumpt 





Fio. 23. — PUtoD and Plnnger Pamp. 



Fid. 21.— Donbla-acUDg Pistoo Pnmp. 



(fig. 28). — The general conatruotion is indicated in the figures. The 
buckets or plungers are driven from a crank shaft with cranks placed 
120° apart. These pumps are also driven direct from the piston rods 




Fia. 2G. — Doabls-totiDg PlnDger Pump. tm. 2S.— Donbl«-Mting Plunger Pamp. 

of toiple-eipansion engines. The general idea in favour of three-throw 
pumps is that of a nearly uniform flow of water. It is, however, advisable 
to use an air vessel of about the same capacity as would be used with 
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Fio. 27.— Tbr«e-tbrowPlDiigw 



FlO. 38.^ThTM-thn>w 
Bucket Pomp. 



Fto. S9. — TbrM-tluow 
Bucket RuDp withoat 
root VklVM. 



ordinary double-acting pumps, because one of the three pumps may by 
accident for a few strokes, or for a longer time, become idle, and then 
the flow becomes very irregular, as will be seen from the pump displac<*- 
ment diagrams (fig. 66, page 73). 

Thne4hrotB Bucket Pump vitkotU foot valvea (fig 29). — In this pump 
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the water enters at A and is discharged at B, passiDg in on unbroken 
Btream through the buokete, as indicated bj the arrows. The displacement 
of this pump is peculiar, as each bucket is displacing water in a forward 
direction for one-third of a revolution, so that there are three deliveries in 
Immediate succession in one revolution of the crank shaft, and the total 
displacement is the capacity of one of the barrels multiplied hj 2'6. 

Pomps and Pump Valves. — The practical difficulties in the working of 
pumps are chiefly connected with keepii^ working parts watertight, and 
securing efficient working of the valves. Plungers are easier kept in order 
than any form of piston or bucket, but piston and bucket pumps are 
cheaper, more compact, and occupy much lees space ; they are advantage- 
ously used for low lifts. 

Almost the earliest form of valve in practical use was the flap valve, 
similar to that shown in connection with Cornish pit work (fig. 131, Chap. 
VII.), which is the valve now fre- 
quently adopted in sinking pumps 
where the water is charged with grit 
and other sutetances. The valve 
consists of a sheet of thick leather 
cut to form the valve ; one part of 
the leather is fastened down to the 
seat to form the hioge, and the back 
and front of that portion of the 
leather which rises and falls is forti- 
fied by means of wrought-iron plates, 
generally secured by means of copper 
rivets, which are easily cut out when 
new leather is required. This valve 
is improved by so hinging it that 
it can rise above the seating at the 
hinge. 
Sometimes the valve is hinged in the centre j it is then called a ' butter- 
fly valve,' because it resembles the wings of a butterfly. 

Flap valves are sometimes provided with an additional flap on the baok, 
as in fig. 30. 

This valve is known as 'Teague's valve.' In this particular case it has 
been applied to a double-acting sewage pump (fig. 31). 

The pump barrels (Sg. 31) are 30 in. In diameter, have a 3 ft. stroke, 
and are so constructed as to require no foot valves. One bucket makes the 
up whilst the other makes the down stroke, and the displacement is equal 
to a p^r of single-acting pumps with cranlcB opposite to each other. The 
pumps make fifteen double strokes per minute. As all the sewage pumped 
has t« pass through both buckets, the velocity through each bucket is 
twice as great as that through the buckets of a pair of single-acting pumps, 
whioh is a drawback to this type of pump, but there is a practical advantage 
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in haying no foot or suction valves, so that this pomp may be usefully 
employed if the speed of the buckets is not too great. 

Figs. 32 and 33 are examples of this type of pump designed for deep 
and shallow wells, which are suitable for use with small motors. In 
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fio. 81. — Double-acting Backet Pamps without foot valves. 



the deep well pump (fig. 32) a cover is placed on the rod of the bottom 
bucket. The cover falls into a conical seating, and the weight of the 
water column keeps it in place. 

Ashley's Pump, — ^A peculiar kind of pump, in which the foot or suction 
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valve is oomlnned with the bucket, has been invented by Mr Ashley; it ia 
shown in fig, 34. 

The bucket has a pipe extending downwards, forming at the bottom a 
hollow plunger moving in a cylinder fiied in the pump. 

In the pipe joining the bucket and the hollow plunger are placed amall 
Fio. 82. m. 33. 



Donble-actinf; Wall Pnnps nithoat foot valTee. 

valves opening into the pipe. These volvee perform the funcUon of a foot 
valve. During the up Btroke of the bucket water is taken through the 
small valves into the pipe and bottom cylinder, and during the down 
stroke that water is displaced through the bucket into the rising main, 
hence the action is that of an ordinary bucket pump. The object of the 
arrangement is to enable the suct4on valves to be drawn with the bucket. 
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Restlet't Pump. — FumpB have been made with the Talve attached to 
the pump rod and opeiuDg below the bucket ; such a pump is illustrated 
in fig. 36. 

This pump is of the type already described, a double-acting bucket 
pump with no foot valve. The valve, as will be seen from the figure, is 
opened hj the downward and closed hy the upward motion of the pump 

l.r^. 



LL 









Fio. 8i, -AslilBy's Well Pnmp, 

rods, but as one valve is olosing whilst the other is opening, there would 
appear to be 'elip' or a backward flow of the water dvuing that time 
unless the buckets are loose enough in the barrels to perform the function 
of a free-falling valve, and fall on the fixture on the rod during the turn of 
the stroke. 

Mechanio&lly-moved pump valves are employed in the Biedler Pump 
((ig. 36). 
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Fio. 36.— R^atler'B Doable-acting Well Pump. 
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Id this pump the Yalves are timed in opening and dosing by a 
mechanical connection to the engine by means of an eccentric on the 
engine shaft, and the necessary attachments indicated in the illustration, 
the object being to enable the pump to be worked at a greater speed than 
if the valves had a free movement ; but the speed at which a pump may be 
worked with free falling valves is largely dependent on the proportion of 
valve area to the pump displacement, and on the lift of the valve. Prof. 
Riedler has lately designed a quick reciprocating pump, illustrated in 
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Fig. 86. — Riedler's Piston and Plunger Pnmp with mdchanioally-oontrolled valves. 



figs. 37 and 38. In this pump the suction valve (clearly shown in the 
sections, figs. 39, 40, and 41) is caused to close at the end of the stroke by 
means of a hollow cylindrical fixture on the end of the pump plunger. 
The pump is of the differential plunger variety, single-acting on the 
suction side. 

When the pump is completing its suction or outward stroke, the ring 
carried by the plunger strikes the suction valve, carrying it to its seating. 

Pumps with multiple valves giving a large area and small lift are 
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worked at oonsideiable speed without having the valves roeohanioally con- 
trolled. Noivrotative pumps having a pause at the end of the stroke allow 



Fta. S7.— Sledler'* Quick ReoiproattiDg Pump— Ttrtictl h 



Flo. SS.— Riedler'slQuick RecIprodCing Pnmp— plui, 
time for the valves to drop to their seats before the return stroke com- 
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menoM, and when saoh pumps have a long atroke, a coDBiderable piston 
speed isobtuned. 

TalroB. — The flap and butterfly valves already notjoed moat have a 



Fie. 89. — Soodon Valve Etoating of Riedler'i Quick Reciprocating Pump. 

ooimderable rise to give a large opening. They are only suitable for 
pumping against low lifts and at very moderate speeds. 

Bigs. 42 and 43 show various types of valves which do not need any 
further explanation. 

In the early days of the applioatioo of the Cornish engine for the water 



Fm. 41.— Snetion Vtlv« Bltdler Pamp 



supply of London, West, a Comish engineer, invented what is known as the 
'double beat valve,' and soon after Husband invented bis 'four beat valve' 

(% ")• 

The multiple valve may be made in various forms, such as those shown 
in Ggs. 46 and 46. 

AM valves which rise vertically on a spindle are improved in working 
by the application of a spring consisting of the india-rubber rings shown In 
several of the illustrations. The valve has a free lift before oomprssung 
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the rubber. The spring forms a buffer to the yalve in rising, and facilitates 
the descent. The 'beat' or contact of the yalve with the seat is made 















Fio. 42.— Types of Pump Valves. 

watertight in a yariety of ways ; sometimes by fitting the surfaces of the 
metal watertight, and sometimes by the introduction of an elastic material 
either in the valve or seat. 
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Talves are m&de as in fig. 47, when the weight of the w&teF on the 




FlQ. 14.— HiubaDd'i Foot But VtlTt, 



Via. 40.— SnctiOD and Dttirsij 
VbItn of maltiple ting t;p«. 



Fio. 47— Double Be&t Valve in which 

the weight of the watcT u ttkeo on 

Flo. «.— Half-iection of Mul- metallio lorfcca., whilst the v.lre 

tiple Ring VelvB. ;, ^^^ witertight by meuiB of 

leather. 



aufltained by metal beats, but the valve ii 
a ring of leather above the beat. 



made watertight b; 
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Id figs. 48 and 49 is shown 
a method of putting & group of 
sin&ll valves on a movable seating 
in a circular valve boi. The main 
valTS seating is of caet-iron, whilst 
the Talves are of hard vulcanite 
on grid seatinga of gun-metal. 

Fig. 50 is a plan and sectioD 
elevation of a plunger pump for 
pumping sewage. It will be seen 
that the valves are hanging flap 
valves on vertical seatingB. This 
arrangement prevents solid matter 
resting on the valve seat. The 
seating carrying the gronp of 
banging valves is removed bodily 

on the removal of the covers shown Fio. 48.— ViItb Boi with Multiple \ilYm 
in the illustrations. od Honble Seating 




PlO. le.— Hnltiple Vdvc Swtiiig. 
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SectioiiAl Eleystioii. 
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Indio-nibber a largely used for valvea, especially those in the tur pumps 
of coDdeosers (fig. 51), and the hatband valve (figs. C2 and 53). 

These latter are illustrations of valvea and buckets of well or bore-hole 
pumps. In fig. 53 is shown the ' fishing ' appsfatus for drawing up the foot 
valve. It will be seen that the valve seating does not fit into a conical 
seating, such as that shown in valve Beatings of many of the other valvee, 
but seata itaelf and makes a watertight joint on a gutta-percha beat let 



FiQ, 61. — Section of Air Pnmp of CondeoMr, 
•howing ippUc«tioa of diso rubber valTw. 

into the bottom of the seating. It is thus very readily drawn without 
putting much strain on the 'fishing tackle.' 

Speed of Pumps. — The number of strokes per minute at which pumps 
may be driven depends on the type of pump, and the promptness with 
which the valves seat themselves before the commencement of the return 
stroke. 

By means of multiple valves which give a lai^e water-way with a small 
lift, quick reciprocation may be secured. 

Bucket pumps do not admit of the application of multiple valves, and 
with such pumps a high bucket speed is best secured by means of a long 
stroke with a pause at the end to give time for the valves to seat them- 
selves. 
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Rotative engines have necessarily a shorter stroke than non-rotative 
ones. 

Pump Displacement Diagrams. — It is useful to know what is the 
variation in displacement per unit of time in pumps of different designs 
and combinations. The Cornish engine usually performs its 'indoor' or 
suction stroke in on&-half the time occupied by the outdoor stroke ; hence 

arises the desirability of giving more water- 
way through the suction than through the 
delivery valves. 

Sometimes two suction valves have been 
provided on the suction and one only on the 
delivery side; see the engine shown in fig. 
225, Chap. XIII. The variations in the pause 
between the strokes have also to be taken 
into consideration, for it is by varying the 
pause that the rate of pumping is regulated. 
Air vessels, when required on Cornish 
engine pumps, should therefore be very large. 
Non-rotative direct-acting engines are now 
usually made double-acting, as also are the 
pumps ; so that air vessels on such pumps 
are not required to be so large as with the 
single-acting pump. 

As an air vessel is not costly it may be 
made very large, especially as it is a very 
perfect means of regulating the flow and 
avoiding shocks, and more advantageous than 
any other method in use. Three-throw 
pumps have beeu employed with a view to 
avoiding having a large air vessel, but a 
Fig. 68.— Foot Valve of Bucket large air vessel is important even with three- 
Pump, with hat-band valves throw pumps, for it sometimes happens that 
showing application of ^^^ ^^ ^y^^ ^j^^.^^ ^^^^^ ^ ^^ because 

fishing tackle ' for draw- i ^ * -i j * xi_ 

ing the valve and seating. * ^*^^® ^"^ ^"^^^ ^' ^^^ ^°^® ^^^'^^ ''®^°' 

and then the variation in displacement per 

unit of time becomes so greats that the shocks would be severe if a small 
air vessel only were present. 

When pumps are driven from rotative engines and cranks, the pump 
displacement per unit of time is easily determined. If we set out a curve 
the ordinates of which represent the displacement to a time base for a 
single-acting pump, then this curve will indicate the variation in dis- 
placement for a single pump delivery, and a combination of such curves 
may be made to give the variation for any combination of pumps. Fig. 
54 is for a pair of double-acting pumps with cranks at right angles; 
fig. 55 is for two single-acting pumps with cranks at right angles; 
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&g. 66, Bingle-acting three-throw pumps; fig. 67, double-acting three-throw 
pumps; &nd fig. fi8, doubte-aoting three-throw pumpe with one of the 

tio. C4.— Diiplawmsnt Diignin ofapurof DouUs-koting Pnmpi witb cnokiat 
rigbt (Dglei. 



This lower di«gr*m shows the 



a dupIuMment p«r nTolution, 



pumpe idle. Air vessels require to be proportioned with due regard to 
tbe water pressure and the variation in pump dtBplaoement. It is \6rj 



Via. B6. — Di£)i1acement Di^^m of Siugle-icliugPanip* witfa eninki at right anglei. 




This lowar diagnm showi the Tuiation in displioenieut pet rarolutioD. 

usual to make the air vessel twelve to eighteen times the oapooit; of the 
pump. Where the air vessel is not readily chained with air, a lai^e 
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Via, fi6.— DiaplMMment DUgMkinof aThreo-throw SJn^a-actiDg niuiik 




Thii lowet diigratn •hows the TirimtioD in diapUcem«nt per rerolutiaii. 
Fig. B7. — DiBplscemeat Diagiunof ft Thre«-tbrow Double-Mting Pomp. 



This loner tliagnun showi tUs ti 



u in displaoement par reTolation, 
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capacity should be provided. There are several ways of charging air 
vessels. A small air valve may be provided on the pump with a screw- 
down adjustment for admitting air with the water, but it is not to be 
generally recommended. 

The device now usually adopted is the Wippermann air charger (fig. 
59). This is really a pistonless air pump actuated by water pressure 
from the pump. 

The vessel A is attached to the pump barrel by means of the pipe B^ 
which is kept open when the charger is at work. 

During the suction stroke air is drawn into the vessel A, and during 

Fio 58. — Displacement Diagram of a Three-throw Double-aotiDg Pump with one pomp 

out of action. 




This lower diagram shows the variation in displacement per revolution. 

the delivery stroke that air is forced into the air vessel through the 
small delivery pipe, smaU suction and delivery valves being provided in 
the top of the air-charging vessel. 

Another form of charger is that of a small air pump worked by a 
hydraidic engine with pressure from the pumping main. 

Another method for charging by hand is to have a charging vessel 
provided with pipes and valves attached to the air vessel, the pipes and 
valves being so arranged that the vessel may be first filled with air by 
opening it to the atmosphere ; then communication with the atmosphere 
is shut oS, and communication opened to the air vessel The operation 
may be repeated as often as necessary. 
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In large pumping statiouB where there are several air veseelfi, it is oon- 
Tenient to have an air-compressor worked by steam to enable the air vessels 
to be fully charged before or whilst the pumping-engines are being put to 
work. 

Air vessels require to be charged continuously or very frequently, as the 
water absorbs air, and there may be leakages to be compensated for. 




Fio. 59. — Wippermanu's Air Charger for air 
vessels of pumpiDg-engines. 




Fig. 60.— Balanoe VaWe for 
maintaining a constant pres- 
sure in pumping mains. 



Fig. 60 represents a valve used to preserve a constant pressure in the 
main against the pumping-engine, when a uniform pressure is not secured 
by use of a service reservoir. 

Referring to the figure, D is an equilibrium valve attached to the 
plunger A. The plunger is loaded with weights B to the pressure it is 
required to maintain. is a bufifer spring to limit the rise of the weight. 
By this means the pressure in the main at D may vary, but on the other 
side of the valve it is kept constant. 



OHAPTEE IV. 

■ 

aSNBEtAL PRINCIPLES OF NON-ROTATIVE PUMPING-ENQINES. 

Wb must now consider in detail the principles employed in the Cornish 
engine, because this will explain the leading characteristics in non-rotative 
pumping-engines generally. 

Each stroke of the engine, it will be observed, is a distinct and separate 
operation ; the engine starts from a state of rest and returns to it. The 
pump rod is put in motion and comes to rest. The pump rod is of sufficient 
weight to overcome the resistance of the pump, so that the steam has only 
to lift the pump rod, and thereby to store in it sufficient energy for doing 
the work on the return stroke. We have already pointed out in the history 
of the Cornish engine that the introduction of the plunger pump so altered 
the condition under which the Cornish engine worked that it at once 
became possible to work the engine with a far greater degree of expansion 
than had been possible as long as it remained in the stage Watt left it^ 
which was only suited for working bucket pumps. With the bucket pump 
the water was lifted on the steam stroke; with the plunger pump the 
pump rod was lifted. There was, therefore, with the plunger pump a greater 
mass to be put in motion, which might have imparted to it a much higher 
velocity than would be safe for the bucket of a bucket pump. 

The energy of motion is expressed by the formula -^ — * in which 

W is the weight of the rod and its attachments, V the velocity it attains 

in feet per second, and 2 g=64'4. 

For the sake of brevity the formula may be thus approximately written 

W V^ 

• % The fact that the pump rod possessed weighty and was put in 
64 

motion and brought to rest each stroke, made it possible to use steam 

expansively on the piston. 

Figs. 61 and 62 represent steam indicator diagrams from Cornish 

engines. The line A B is that of the average pressure throughout the 

stroke; the shaded portion from A to C above the line represents the 

energy expended in putting the pump rods in motion, and the shaded 

75 
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portion below the line from C to B represents the energy recovered, whilst 
the pump rods are decreasing in velocity and coming to rest. If there had 
been no mass to put in motion, but merely a resistance to be overcome, the 
indicator diagram would have been a rectangle, and no expansion would 
have been possible. 

The reciprocating pump rod performs the function of a fly-wheel, storing 
energy whilst its motion is being accelerated, and giving out the stored 
energy whilst the velocity is being retarded. 

The point C, then, is the point of maximum velocity Y. By increasing 
either V or W the degree of expansion may be increased, but as in the 
Cornish engine W is constant, any increase in the degree of expansion em- 
ployed increases the value of V. As the energy varies with V^, an increase 
in the velocity with which the pump rods are lifted enables an increase in 
the degree of expansion to be employed. The action of the pump valves 
limits the number of strokes which the engine can make in one minute, but 
the stroke may be long or short. In the old Cornish engine the stroke of 




Indicator diagrams from Cornish Engines. 
Fio. 61. —Mining Engine. Fio. 62. —Water Works Engine. 

the pump was usually made less than that of the engine. In the new type, 
or compound engine, the stroke of the pump is made much longer than 
that of the engine (see fig. 83, Chap. V.). 

This lengthening of the stroke increases the value of V, and therefore 
enables, even in a single cylinder, a greater expansion to be safely employed, 
but in the double cylinder it is of still greater value. 

For the purpose of expansive working, the Cornish engine is usuaUy made 
to traverse its steam stroke in one-half the time occupied by the water 
stroke ; the maximmn speed of the piston during the steam stroke is often 
as much as 600 ft. per minute ; for that reason the suction valves and 
pipes should be large ; sometimes two suction and one delivery valve are 
employed; this gives double the water-way on the suction side of the 
pump. 

The water stroke performed by the descent of the pump rod is made 
slowly, but with increasing velocity ; the energy does not, however, become 
very great because of the slow velocity, and the rod is brought to rest by 
the closing of the equilibrium valve. The steam above the piston is then 
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com pressed into the clearance space, thus reducing the loss which would 
otherwise occur. 

By the use of a Telocity indicator of special construction we have been 
able to take velocity diagrams from pumping-^ngines, showing tl^e variation 
in velocity during the stroke, the length of the pause, etc. 

Fig. 63 was taken from a Cornish engine, and at the same time the 
rise and fall of the pump valves were indicated as shown on the diagram, 
fig. 63. 

When the Ck>mish engine is applied for town water supply from a 




• see: 



vckoeiTic*. 



VKLOeiTICt. 



Fio. 63. — ^Yelooity Diagram. 

reservoir, the load on the plunger is simply that required to overcome the 
resistance of the pump, but in mines the load is often greater, owing to the 
great length of pump rods, part of the weight of which is taken up by 
balance bobs as iUustrated in the Cornish pit- work, fig. 130, Chap. YII. 

The value of W being thus greatly increased, the greater degree of ex- 
pansion can be employed ; in some cases we have known the pump rods to 
weigh over 200 tons, whilst the load on the piston was only 45 tons. This 
is the reason why the Cornish engine in the Cornish mines has been able to 
give a higher duty than Cornish engines generally ; this is very easily seen 
on inspecting the Cornish engine diagrams (figs. 61 and 62). 

The left-hand diagram (fig. 61) was taken from a mining engine in 
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which W was very much greater than the water load on the engine ; the 
right-hand diagram (lig. 62) was taken from a waterworks engine in 
whioh W was very little more than the water load on the piston. 

Although increasing the weight enables greater eipannon to be 
employed, greater eipauBion means greater etraine on the rods and eon- 
nections, and it must be observed that, without increasing the weight to 
an impracticable degree, the Cornish engine is not capable of using 
effectively the expansive force of steam of a greater pressure than about 
40 lbs. per square inch. 

To be able to secure greater economy by using higher pressure eteam 
with the proper degree of expaoaion, it becomes necessary to work with 
more than one cylinder. In the early days of the Cornish engine com- 



FiQ. Si. —Diagram illostratiiig diitribntion of Bt«am in « Compound Coruiah Engiog. 

pound engines were used, but no better result was secured than that 
obtained with single cylinder engines, for the simple reason that the 
boiler pressure in use was limited to about 45 lbs. per square inch. Now 
that boilers can safely carry pressures ezceoding 150 lbs. per square inch, 
the Cornish engine may be compounded with great advantage. By com- 
pounding, steam can be used at 150 lbs. initial pressure and more^ 
expanded down to 8 or 10 Its. terminal pressure with engines having 
pump rods of the usual weight ; this is clearly seen in the diagrams (figs. 
64 and 65), which represent the distribution of steam in the Basset engine 
illustrated in fig. 83, Chap. V. 

Let steam be out off at about half stroke in the small cylinder, as in 
fig. 64. During the equiUbrium stroke, the pressure ia indicated along 
the line G, and the cushioning takes place at X; at the same time the 
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equilibrium steam preasure for the large cylinder is indicated along the 
line H, an the ouahioning at T, the condenser presanre being indicated 
at E. The work done in botii cylinders may be taken to be tha full area 




PiB. 06. — Di*gmn tlioiriiig combinBd power diagrami of a Compound Comuh Bngina. 

of the diagrams, minus the small los«es caused by the passage of the 
ateam during the equjlibrinm strokes, and between the two cylinders. 
For the sake of illustration the diagram may be taken to represent 



Fio. 86. — DUgram ihowlng tiriatioD of foroe or stniodDnDg the ttiokt fora Oompoaod 
Corniah Engina. 

the total work ; the area A, B, C, D, A that done in the small ; and the 
area F, A, D, E, F that done in the large cylinder. In order to refer all 
to the low-preaaure cylinder, the ordinates of the upper figure must be 
divided by the ratio of the capacities of the two cylinders. In this case 
the capacities are 4'6 to 1. 

In fig. 65 the work done in the small cylinder is represented by 
By E, F, C, B, and that in the krge cylinder by A, B, C, D, A. 

The total efifeot referred to the large cylinder is A, E, F, D, A. 
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In fig. 66 the line A B is drawn through the point of mean pressure, 
so that the rectangle A, B, C, D, A represents, the total work done by the 
engine on the steam stroke and the area A, X, X, A, the work represented 
by the vis viva acquired by the load during the former part of the stroke 
and given out again during the latter part On comparing this with the 
single Cornish engine diagram (fig. 61, page 76) it will be seen that the 
compound engine with more than three times the steam pressure, greatly 
increased expansion, and greater mean pressure does not require such a 
heavy mass or so great a velocity during the steam stroke for its effective 
working. It will also be seen that the strains on the engine are reduced. 
The initial strain is only 1*3 times the mean, whilst in the ordinary 
Coniish engine it is twice the mean. It will also be observed that the 
work done by the small piston is applied to the pump end of the beam, so 
that less than one-half of the work of the engine comes on the beam 
centre.* 

The variation of strain in the engine itself is not so great in this 
engine as it is in the ordinary Cornish engine, that is to say, the maximum 
strain does not so greatly exceed the mean resistance. The following 
table contains a comparison of the initial, terminal, and average pressures, 
maximum piston speeds, and proportion of weight of mass to water load 
in several practical examples which were tested some years ago, and to it 
has been added an example from the compound Cornish engine. 



Type of Engine. 


Steam Pressures. 


FOROKS. 


Piston 
Yelooitixs. 


Mass -S- 
Water Load. 


Initial, 
Absolute. 


Terminal, 
Absolute. 


1 

< 


Initial -r 
Terminal. 


Average -r 
Terminal. 


Initial -S- 
Mean. 


Maximum 

Velocity 

per Minute. 


Mean Plunger 

Speed per 

Minute. 




lbs. 


lbs. 


lbs. 


lbs. 


lbs. 




ft 


ft 




Oomish, 


45 


10 


19 


4-6 


1-9 


2-26 


600 


80 


3 about 




81 


10 


16-1 


31 


1-6 


1-8 


600 


• « • 


1-7 


>J " * 


25 





12-2 


2-77 


1-35 


1-72 


600 


• • « 


1-7 


Compound Differ- 




















ential, 


80 


10 


24 1 


10-6 


2-4 


1-37 


220 


150 


2-0 


91 f 1 


43-7 


7 


12-76 


6 24 


1-8 


1-4 


228 


168 


0-66 


11 ti 


86 


11-8 


20-26 


7-6 


1-78 


1-8 


• • • 


... 


11 


S9 II 


25 


8-5 


14 


... 


1-6 


• ■ • 


210 


144 


1-2 


Cornish, • 


• •• 


• • • 


18 
about 


a • • 


... 


• ■ • 


600 


100 


1-7 


1, . • 


... 


• • • 


... 


• • . 


■ • ■ 


• ■ • 


570 


112 


1-7 


Com poa nd Coruibl) , 


150 


• • • 


85 


■ • • 


• •• 


1-3 


... 


... 


1-7 
about 



To be able to utilise higher pressiu-es and greater ranges of expansion 
in the Cornish engine, it is absolutely necessary (as we have seen) to use 
more than one cylinder. Referring to the diagram (fig. 61) it will be 
noticed that if we put E for the energy of the mass, A for the area of the 

* See illustration of the engine, fig. 83, Chapter V. 
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cylinder, L for the length from A to C, and P for the mean pressure of 
the top shaded portion of the diagram, then E= A x P x L, 

E64 
~64 



W = 



/E64 

"V w 



from which we can get the necessary quantities in further consideration 
of the subject of non-rotative pumping-engines. 

If we increase W in proportion to the water load on the piston, then 
higher pressure and greater expansion can be employed without increasing 
y, and by compounding we can carry the advantage immensely further (as 
already pointed out). This leads to the consideration of the balance 
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in 1,1 >— 
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Fio. 67. — Differential Engine with double quadrants and double system of 

plunger pumps. 

system of pump rods as compared with the Cornish. This system is 
illustrated by fig. 67, in which it will be seen that there are two quadrants 
or angle bobs for giving motion to the pump rods ; the two quadrants are 
coupled together in such a manner that one pump rod balances the other, 
one making the up while the other makes the down stroke. The weight 
to be put in motion is thus double that of the Cornish engine, with the 
same water load, whilst a double-acting engine is employed to work the 
pumps. With a compound or triple engine this system utilises the expansive 
force of very high-pressure steam. A very important practical advantage 
arises from the fact that one pump rod balances the other, so that at the 
end of the stroke and during the pause, when the engine is in equilibrium, 
no motion can take place till steam is admitted to the engine, whereas, 
with the Cornish engine, the weight of the rod is partly unsupported at 
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the end of the stroke, if the water has failed to follow close to the plunger 
so as to completely fill the pump. In that case the plunger falls back on 
the water. With the double cylinder Cornish engine the unsupported 




Fio. 68. — Differential Pamplng- Engine — diagram taken during sinking operations with 

pumps " working on air.** 

weight becomes less than that with a single cylinder. With the double 
rod system, should the water not have followed up the plunger, a shock 
can only occur by the rods being put in motion by the admission of steam, 
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Fro. 69. — Velocity Diagram, South Durham Colliery — differential compound pumping- 
engine cylinders 46 in. and 72 in. diam. x 10 feet stroke. 

and it is possible by the use of the di£Perential gear to so control the 
admission of steam to the engine that it is throttled during the time that 
the engine has no pump resistance ; by this means only sufficient steam 
is admitted -to the engine to overcome the inertia and frictional resistance 
up to the point where the plunger encounters the water, thereby mini- 
mising the shock. This action is illustrated by an actual indicator diagram 
(fig. 68), where it will be seen that the full pressure of st^eaqi does not 
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eome on the piston until it has reached the point B, where the plunger 
meets the water; in moTing from A to B only sufficient Bteam has been 



60^ 1.65. Mean Pressure 
H.P. 83 iNorCATED Hofl&e Power 
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Vio. 70. —Indicator Diagnm, 

SoQtb Dniham Oolliery — Differential Compoand Pnmpiug-eDgiiie. Batio of Cylindera 

etol. 

admitted to move the engine itself, and it has been found in practice that 
on this system it is quite possible to work heavy lifta on air without 



10.2 IBS. Mean Pressure 
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Fio. 71.— Indicator Disgrun. 
H.P. ajlinderSaiu.diam. x OfeetBtrok*. LP. cjlindBTGiin. diain. x 
■trolce. 10| etrokM per minute. 

producing any serious shock. A steam piston velocity diagram 
engine of this type is given in fig. 69. 

Pumping-enginee such as we are considering are subject to i 
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Pis. 72. — Disgnm illostrsting effect of inertia in watar colnmni. 
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loss of load either from the breakage of 
pumps or rods, failure of water supply 
to the pumps, or defective action 
of the -valves; when any of these 
things occur, it is desirable that the 
engine should be brought to rest as 
quickly as possible; the continuance 
of working with a broken rod in the 
shaft), or anything wrong with the 
pumps, only mcuro the risk of addi- 
tional breakage. Non-rotative engines 
are more easily brought to rest in the 
case of accidents than rotative engines. 

In the early days of the applica- 
tion of steam pimips to mining work 
underground, the author made use of 
the inertia of the water column to 
secure increased expansion. The in- 
dicator diagrams (figs. 70 and 71) 
were taken from a compound steam 
pump at the South Durham Colliery. 
The pump was placed at the bottom 
of the mine; it forced the water to 
the siirface through a column of 
pipes which bad no air vessel. The 
water in the column was thus put 
in motion at the beginning of the 
stroke, storing up energy, which 
energy was expended during the latter 
part of the stroke. 

The resistance to the engine by the 
water colunm was therefore greater 
at the beginning and less towards the 
end of the stroke, thus enabling a 
considerable degree of expansion to 
be secured. 

The function of inertia in a water 
column may be illustrated by fig. 72. 

Let a be the steam engine, h a 
plunger pump, c the delivery pipe from 
the pump. In the case of an under- 
ground engine the pipe c would be the 
water column reaching to the surface, 
but it might be a horizontal pipe 
terminating at an air vessel d. 
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Let 6, /, g^ hy e represent the piunp resistance where the air yessel d 
was part of the pump. Then when the air vessel d is removed to a 
distance and connected to the pump by the pipe c, the inertia of the 
water in the pipe c would cause the pump-resistance diagram to be altered 
in shape. The plus resistance at the beginning and the minue resistance 
at the end of the stroke are represented by the shaded portions of the 
diagram. 

This function of inertia of water column is of importance in the appli- 
cation of non-rotative engines to well pumps, especially because it enables 




Fig. 74. —Worthington Oompensating Device. Curve of Effect. 

the engine-power and pump-resistance diagrams to be equated when the 
mechanical compensating device does not in itself do it, wliich is the case 
in the lever device hereafter described. 

Waterworks Engines. — ComiBb and beam rotative engines have been 
largely used, but of late years quite new types have been adopted. Self- 
contained compound and triple direct-acting engines, both rotative and 
non-rotative, are now more in favour. 

To enable the non-rotative engine to work with the necessary expansion 
for economical results, compensating devices have been introduced, where 
the inertia of the moving parts are not sufficient for the purpose. 
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The Worthing^oD device (fig. 73) coDsiBts of two UDgle-aotiiig hydraulio 
plungers, A and B, working in osoillating cylinders, the plungers beii^ 
attached to the piston rod of the engine. The required pressure is main- 




Fia. 7G.— DftVBj Compansatiiig Deri<» applied to w«11 pump*. 

tained in the hjdraulio ojlindere by means of an aooumulator kept charged 
by a small pump attached to the engine. 

The effect of this arrangement is that an artificial reustanoe is put on 
the engine during the first half, and a corresponding assistance during the 
Fio. 77. Fio. 78. 

"'= >E E,- 




FiQ«. 76 and 77. — Diagrams illuBtratiDg funotiou of Davey CompeDSatiDg Derioe. 
second half of the stroke, the curve of effect being similar to that in 
fig. 7i. 

The Davey device is that of attaching the engine to the pump by 
means of a triangular lever in such a way that the pump resiatanoe be- 
comes less as the stroke proceeds. In fig. 75 A A represent the steam 
cylinders of the engine, D the triangular lever, E, £, E points of attach- 
ment of engine and pumps, and B B the pumps. In this illustration the 
work is done on the up stroke of the pumps. It will be seen that the 
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pump B, which is finishing its up stroke, is acted on by a greater leverage 
effect than was exerted at the beginning of the stroke. In other words, 
the stroke is made with a decreasing resistance. In fig. 76 let C, A, B, D, C 
be the pump resistance and G, £, F, 6, D, C the steam diagram. The 
IcYerage device makes the pimip resistance more nearly correspond with 
A, D, C, B, A in fig. 77, the inertia of the mass of the moving parts of the 
engine and pumps being sufficient to equate the two diagrams, the area £ 
representing the inertia of the mass at the beginning and the area F that 
towards the end of the stroke. This engine haa been applied largely to 
pumping from weUs and bore-holes. 

Examples of such engines will be found in Chap. XIII., figs. 234, 241, 
245, and Plate V. 



CHAPTER V. 

THE COBNISH ENGINE: SIMPLE AND COMPOUND. 

The Oornish Engina — This engine is fully illustrated in fig. 78. 

It consists of a single cylinder A having a piston communicating its 
motion through an overhead beam B to a single pump rod C. The engine 
beam B is carried in bearings on a thick wall, forming one of the walls of 
the engine house. The outer end of the beam is directly over the shaft 
and is connected direct to the pump rod. The cylinder is bolted down to 
a massive loading L of masoniy, which must be made heavy enough to 
resist the total initial force of the steam on the piston. 

Attached to the pump rod by means of ' setofiis ' are the plungers of 
the pumps, the pumps and pump rods, etc., being illustrated in fig. 130, 
Chap. VII. 

The rods are made heavy enough to overcome the resistance of the 
pumps. 

The engine, which is single-acting, is employed to lift the rods, and the 
rods are allowed to fall by their own weight, lifting the water. To secure 
sufficient strength it is often necessary to make the rods much heavier 
than is necessary to overcome the resistance of the pumps. In such cases 
beams or balance bobs are attached to the rods either above or below 
ground, having counterweights to take up the surplus weight (see pit- 
work, fig. 130, Chap. Vll.). The distribution of steam in the engine will be 
understood from the section of the valves and nozzles given in fig. 79, in 
which A is the steam valve, B the equilibrium valve, and C the eduction 
or exhaust valve. D is a pipe connecting the two ends of the cylinder, 
commonly known as the * equilibrivim pipe.' The working of the engine 
is thus described. Steam is admitted above the piston through the steam 
valve A (fig. 79), the equilibrium valve B remaining closed, and the exhaust 
valve C open. The valve A remains open during the time the piston 
makes about one-third of its stroke ; it is then closed by the action of the 
valve gear, and the remainder of the stroke is completed partly by the 
decreasing pressure of the expanding steam and partly by the momentum 
of the pump rod and attachments. At the termination of the stroke the 
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ednetion yriva C is closed and alao the injection Talve abown at N in 
% 78. 

The pQEop-Tod having been ruaed to the full extent of its tftrake is 



tia 78. — Coroiib Engine, m applied to « mining (haft 

partly supported hy the water in the pumps vnAta the plungers, and 
partly by the terminal pressure of the steam above the piston. The 
equilibrium valve B is then opened, and the steam above the piston is 
allowed to pass down the equilibrium pipe D to the under side of the 
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piston; the pump-rods being free to fall hy their own weight, descend, 
and in doing so lift the water in the pumps. The rods falling under the 
influence of gravity have an accelerating moti<ai, but they are brought to 
rest at the completion of the stroke by the closing of the equilibrium valve 
B ; that valve having been closed a little before the end of the stroke, the 
momentum of the moving weight is then expended in cushioning the steam 
confined above the piston. The piston is now brought to rest, and the 




Fio. 79. — Comiah Engine. Steam uokIm and valvsa. 

next stroke is performed by the opening of the steam valve A and the 
eduction or exhaust valve C. The eduction valve C is made to open a 
little before the steam valve, and at the same time the injection valve (N 
in fig. 78) of the condenser is opened. 

It will be seen that when steam is admitted above the piston, the steam 
from below is exhausted into the condenser. Referring to fig. 78, which 
is a general illustiation of the engine, D is the steam and equilibrium 
valve box, £ the equilibrium pipe, F the exhaust valve box, G the exhaust 
pipe to the condenser, H the condenser, J the air pump, and N the 
injection valve. 
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The air pump and coodeoser are placed in a tank of water from which 
the injection water is taken through the valve N. This valve is opened at 
the aome time aa the exhaust valve by the action of the valve gear. The 
valve gear itself ia ahown at U, and ia fully described and illuatrated Id 
Chap.XI., figs. 177 and 178. 

The steam pressure on the piaton at the tenninatjoa of the ateam 
stroke is not aufficient to aupport the weight of the pump rods. 

If, therefore, the water in the pump baa not cloaely followed the plunger, 
the rods will be unsup- 
ported at the oompletion 
oftheatroke. Whenthia 
happens, the rods fall 
back, causing the plunger 
to strike the water, and 
producing a shock. On 
the other hand, during 
the Bteam stroke the 1<»b 
of resistance arising from 
the breaking of a rod or 
otber cauae may result 
in the piaton making its 
stroke with undue 
velocity. To provide a- 
gainat contingencies cJ 
this kind, banging beams 
are provided in and over 
Uie shaft with catch-pieces 
on the rods to prevent 
the piston striking the 
cover on the outdoor 
stroke, and spring beams and catoh-piecee are provided at the engine end 
of the beam to limit the indoor stroke. 

The spring beams are ahown at R (fig. 78), and the oatefa-pieces on the 
engine beam at S. Devices are employed such as the differential vaive 
gear (aee Valee Gear) to cause the valves of the engine to become closed, 
when, owing to loss of resistance, the engine hae exceeded its normal 
speed. 

Sometimes the Cornish engine is made without an overhead beam, the 
cylinder being plaoed over the pump with the piston rod attached directly 
to the pump rod. Such engines are known as Bull engines. 

An illustration of such an engine is given in fig. 80. 

Ccrniigh Engine Details. — A section of the cylinder is given in fig. 81. 

In the stuffing-box between the packing is placed what is termed a 
lanthom brass or bush A, consisting of a perforated and movable cylinder 
of brass fitting around the piston rod with the opeuings through the side. 
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Opposite this lanthorn bush and in the side of the stuffing-box is fitted a 
small pipe connected to the main steam pipe. 

The object of this arrangement is to prevent air leaking into the 
cylinder around the piston rod and vitiating the vacuum. With steam 
pressure in the middle of the packing, steam might leak into the cylinder, 
but air could not. This was of considerable importance in the Cornish 
engine, because the mean pressure on the piston was not more than 12 or 
13 lbs. per square inch, and a small back pressure in the condenser caused 

by air leaks, represented a consider- 
able percentage of loss. The lan- 
thorn brass is very usefully and 
frequently employed in the stuffing- 
boxes of air-pumps of modem engines, 
the pipe being taken to the hot-well 
instead of to the steam pipe, and 
water being used instead of steam to 
prevent air leaking into the air-pump. 
Air -pump and Condenser. — A 
section of the Cornish engine air- 
pump and condenser is given in 
^g. 82. 

The air-pump A, and bucket B^ 
are shown in section. The bucket 
is provided with a valve D, usually 
of india-rubber working on a brass 
grid C A head valve or swimming 
cover F is placed in the hot-well 
closing on a wooden beat let into the 
top of the air-pump. The bucket 
rod E passes through a stuffing-box. 
j^ _ J ufc^^^^^ ^^ga^^ aaaaE^ Gt is the condenser, H the exhaust 

pipe, and J the inlet for injection 
Fio. 81.— Cornish Engine Steam Cylinder. ^ ^^ 

* ^ water. 

Valve Gear. — The Cornish form of valve gear, and the application of 
the differential gear to the Cornish engine, are fully described in 
Chap. X. 

Duty of Cornish Engines. — In Chap. I. we have noticed the progress 
of economy effected in the Cornish engine. The maximum economy was 
obtained by using the greatest boiler pressure and the highest rate of 
expansion which the principle of the engine would permit, the limits being 
about 40 lbs. boiler pressure and 4 to 5 expansions. The average duty 
was about 50 millions on 112 lbs. of coal, or in the best examples from 
60 to 70 millions. In some cases 90 millions have been obtained on 
112 lbs. of coal with a high evaporation, and results as high as 130 millions 
have been claimed on 94 lbs. of coal, but such a high result is impossible. 
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One H.P. per hour is equal to 1,980,000 foot lbs., or, say, in round 
numbers, 2 millions. 

130 millioLs duty =1??= 65 H.P. hours. 

2 

04 

•l?sl'46 lbs. of coal per P. H.P. per hour. 
65 

With an evaporation of 10 lbs. of water per lb. of coal, the feed water 




Fio. 82.— Cornish Engine Air-pump and Condenser. 

per pump H.I\ per hour would then be 14*2, and assuming a mechanical 
effioieucy of 80 per cent., we have 11*36 as the consumption of steam per 
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I.H.P. per hour. Taking the initial pressure as 40 lbs., we have as the 

10'7 
efficiency ratio « 90 %. The best efficiency ratio obtained with 

Cornish engines is about 60 % to 65 %. 

Expressed in weight of steam, the average engines used from 26 to 30 
lbs. of steam per I.H.P. per hour. A better result has been obtained on 
short trials, and a consumption as low as 18 to 20 lbs. per I.H.P. per hour 
has been recorded, but no further economy could be obtained with a single 
cylinder, nor could better results be secured by compound engines with the 
same boiler pressure. It is only quite recently that high steam pressure 
has been applied to the Cornish engine. 

The single cylinder Combh engine is limited to 4 expansions, and even 
then the velocity of the piston daring the indoor stroke is very great (see 
fig. 63, Chap. IV.). 

Four expansions with 40 lbs. initial steam pressure gives 10 lbs. as 
the terminal pressure. 

The only method of increasing the initial pressure and the ratio of 
expansion is by the use of a second cylinder. 

By the use of a second cylinder the strains on the engine and pump 
rods are reduced, and a greater range of expansion is secured, thus adapt- 
ing the engine to the use of high-pressure steam. 

The author having recently to design a pumping-engine for the Basset 
Mines, Cornwall, adopted the Cornish system of steam distribution. By 
employing two cylinders he succeeded in using steam of 150 lbs. boiler 
pressure. 

Fig. 83 represents an elevation of the engine. A is the high and B 
the low pressure cylinder, both cylinders having the Cornish cycle of steam 
distribution. The pistons of both cylinders are connected to a steel rock- 
ing beam C, one piston making the up whilst the other makes the down 
stroke. 

The beam extends beyond the small cylinder over the shaft, and gives 
motion to the pump rod. The inner end of the beam is made of box 
section to receive balance weights. The cylinders are 40 and 80 in. in 
diameter, and have 9 and 10 ft. strokes respectively. The stroke of the 
pumps is 13 ft. ; the pump plungers are 18 in. in diameter, and the 
present pit- work extends to a total depth of 1000 ft. At 8 strokes per 
minute the actual H.P. is 360. No trials have yet been made as to the 
consumption of steam, but the consumption of coal has been found from 
week to week to be one-half that consumed by a good Cornish engine on 
the same mine doing similar work. Practically the duty is over 90 
millions on the coal used. The evaporation is probably 8 lbs. of water 
per lb. of coal. The duty then on an evaporation of 10 lbs. of water per 
lb. of coal would be 110 millions. 

It is not likely that this engine will give as high an efficiency ratio as 
60 per cent., but an efficiency ratio of 50 per cent, with 150 lbs. steam 
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would make the feed water per I.H.P. per hour equal to 16 lbs. An 
effioienoy ratio of 60 per cent, would reduoe the feed water to 13*3 lbs. 
In this engine a disused cylinder and nozzles of an old Cornish engine were 
used as the low pressure cylinder. An entirely new engine may be 
expected to give a much better result. 

The water load on the engine (all referred to the large cylinder) is 










Fio. 88. — Dayey's Compound Cornish Engine, Basset Mines. 

H.P. cylinder, 40 in. diameter ; length of stroke, 9 ft L.P. cylinder, 80 in. diameter ; 
length of stroke, 10 ft. Pampe, 18 in. diameter ; length of stroke, 13 ft. Total 
height oflift 1000 ft. 



equal to 30 lbs. per square inch. This is double the proper load of the old 
Cornish engine. 

An 80-inch engine in this system may be made double the power of 
the ordinary Cornish engine, and as the first cost of the engine is not 
greatly in excess of that of the single cylinder engine, the cost of the new 
engine per H.P, is lower. 
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It will be seen that by placing the cylinder A on the pump side of the 
beam centre instead of by the side of the cylinder B, the strain on the 
beam and the weight on the centre are greatly reduced. The cylinders 
may, however, be brought together by adopting a modification of the 
parallel motion beams, designed by the author for the differential engines 
iUustrated in fig. 100, Chap.YL, and fig. 233, Chap. XIIL The modification 
necessary is shown in fig. 84. 

The main beam Q is actuated through the secondary beams forming a 
parallel motion for the piston rods. The outer ends of the secondary 
beams are anchored to the foundation by means of links. One end of the 




\VS\\v\\\\\\^W^S4S\\^^t^S^^^ 




^ 
^ 



Fio. 84. 



Pio. 85. 



Figs. 84 and 85.~Goni pound Cornish EDgine, with parallel motion beams. 

The lower figure represents the cut-off motion for the steam yalves ; a description 
of a form of this motion is also given in Chap. XL, on valye gears. 



main beam would be over the shaft, and the other end made to carry a 
balance weight. 

Fig. 85 represents the gear for giving motion to the steam valves. 

C is a rocking shaft actuated by means of the differential gear, and D 
a rocking shaft partaking of the motion of the engine beam. 

A A are valve rods to the admission valves to the engine cylinders 
receiving motion from the bell-crank levers E £ by connections to G G 
and F F. 

The motion of the shaft C operates to open the valves, whilst the 
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motion of D closes them. By suitable adjustmenta the cnt-o£F may b« 
inade to take place at any point of the stroke. 

The Basset engine has a surface condenser with 900 square feet of tube 
surface. 

It ia also provided with the author's compound Bystem of heating the 
feed wat«r, by means of which the water is heated to a much higher 
temperature than can be obtained from the exhaust steam. 

That the oonstruction of the engine may be understood, we have pro- 




Fio. S6. — Sftction or Compound Comish Engine — WalhiMiDs, 

duced in fig. 86 a section of an engine on the same priuoiple, designed 1^ 
the author for the Waihi Mines. 

In this Mample the valves, cylinden, and feed heater are all in a line, 
so that one section shows them all. Steam from the boiler is admitted 
through the valve c under the small piston ; at the same time the steam 
above that piston is admitted to the large cylinder through the valve e; 
the steam below the large piston passes to the condenser through the 
exhaust valve g and the feed-water heater h. At the completion of the 
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steam stroke the Talves c^ e, and g close, and the equilibrium valves d and / 
are opened. The steam below the small piston then passes to the other 
side, and the steam above the large piston passes into the space below it. 
Both pistons now being in equilibrium, the pump rods fall by their own 
weight, lifting the water in the pumps. Towards the completion of this 
stroke the equilibrium valves d and / are closed, and the steam above the 
large and below the small piston being cushioned, the pump rods are 
thereby brought to rest. 

The feed- water heater is divided into two sections, j and h: the cold 
feed- water enters at n and passes around the tubes in h ; then it passes in 
ft pipe from the top of /i to the bottom of the heater J^ in which it passes 
around the tubes and then through the pipe m to the boilers. In h the 
water takes up heat from the exhaust steam from the large cylinder, whilst 
in j it is further heated by steam taken from the equilibrium stroke of the 
large cylinder. It will be seen that the steam passing the equilibrium 
valve / has done its work, and is only retained below the piston to keep 
the cylinder hot and to be discharged into the condenser during the next 
stroke. 

In the pipe to the second section of the heater j is a non-return valve 
A;, so that steam may pass to^, but cannot return. 

In this way the steam pressure in the heater y is practically maintained 
at the pressure of the equilibrium steam. The effect of this arrangement 
is that the water in the heater h is subject to a temperature of 100* Fahr., 
whilst in j the temperature depends on the temperature of the steam at 
the end of the stroke of the large piston. In the case of the Basset engine 
that temperature is 190". The steam condensed in the heaters passes 
through a small pipe at the bottom to the exhaust pipe. Practically all 
the heat thus put into the feed-water is taken from the waste heat of the 
engine. 

The steam valves of the engine are actuated by the differential gear. 

Duty Beports. — The economy of an engine, as ascertained by an accurate 
test of twelve or twenty-four hours' duration, enables us to compare its per- 
formance with that of another engine tested under similar conditions, but 
the actual consiunption of steam or coal per unit of time as deduced from 
the consumption during long periods is much greater than that ascertained 
by a scientific trial. In such a trial it is always necessary to preserve a 
uniformity of conditions throughout. In actual work the general results 
are influenced by change of speed, stoppages, and irregularities of all sorts, 
but for an engine trial to have a scientific value, the irregularities of 
ordinary working must be excluded. 

In our history of the pumping-engine we have already noticed the 
system of duty reporting instituted in Cornwall in the year 1811. At 
that time Welsh steam coal was exclusively used in the Cornish mines, so 
that the evaporative efficiency of the coal may be assumed to be fairly 
uniform. The type of boiler in use was the single flue or Cornish boiler, 
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THE CORNISH ENGINE : SIMPLE AND COMPOUND. 
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The most important items which vitiate the reports are — 1st, the ooal 
used is now of very varying quality; 2nd, the boilers have varying 
efficiencies ; 3rd, where the pumps work on the incline the load is assumed 
to be that of a vertical shaft with a depth equal to the length of the 
inclme ; 4th, the actual length of stroke is more or less uncertain ; 5thy 
the coal used is taken from the invoices of the coal delivered, a deduction 
for the coal in stock being usually guessed at from an inspection of the 
heap. These are defects which have been always more or less present in 
the system. These reports enable us to form a general idea only of the 
results, but the actual performances of Cornish engines can be determined 
from the tests now made on engines and boilers separately. 

The following table shows the values of foot lbs. of duty per 112 lbs. of 
ooal expressed in lbs. of coal per pump H.P. per hour and in lbs. of steam 
per I.H.P. per hour, with different rates of evaporation. 
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CHAPTER VL 

TTPBS OF MINING ENGINBa 



Various Types of Pumpfng-Engines. — The requirements and oondi- 
tions of mining are bo varied that quite different types of engines are 
required. 

Since its introduction the steam pump has been largely employed 
underground in forcing water to the surface. In a few cases in collieries 
the boilers also have been placed underground, quite near the engines, 
but the general practice has been to transmit the steam from the 
surface. 

Fly-wheel engines are also used underground ; they are usually of the 
cross compound type, with double-acting plunger pumps. 

Underground pumps are also worked by means of hydraulic power 
transmitted from the surface. This method of pumping is dealt with 
in a separate chapter. Electricity also is coming into use as a medium 
of transmission of power to underground pumps, but up to the present 
time it has not been largely used except for small powers. The chief 
difficulty has been in the application of the quick-running motor to the 
slow-running pump, involving high-speed gearing, belts or ropes, all 
of which are practically objectionable. Attempts are now being made 
to produce a quick-running pump and a slow-running motor, thus 
minimising the gearing required between the motor and pump. It is 
in this direction that improvements must be made if electricity is to 
be applied to heavy pumping. See chapter on Hydraulic and Electric 
Pumping. 

The main objection to having the pumping plant underground arises 
from the circumstance that as surface plant must be erected when sinking 
the shaft it is usually found convenient to adapt it for the permanent as 
well as for the temporary work. 

Large pump rods take up room in the shaft, but it is a question 
whether any of the forms of underground steam engines or systems of 
power transmission are so economical in fuel and upkeep as a well-desigued 
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surface engine and pit-work when the power applied is oonsidenble. 
Surface eoginea, both non-rotatiTs and rotative, varj very much in deoign 
and arraugetnent. 

The old CorDish engine and its pit-work haa been superseded by 
improved forma ; but long experience with the Cornish engine has demon- 
Btrated the value of working with engines which have a distinct pause after 
each stroke. Many Cornish engines have worked for half a century with 
very little cost for maintenance. 

Botative engines are used to actuate heavy pit-work, but when so 
applied, there is mare vibration, more wear and tear involving greater cost 
of upkeep than there is with non-rotative engines. 

Non-rotative engines usually have the same speed of stroke, whatever 
number of strokes they may make per minute, the variation in the number 



FiQ. 87. — Kegnier's Pumping Eagine, in wkjoli an aoxHurj engina ii emplof ed to help 

ths eogiDe OTer tha deodpoint whan monng alowlf. 
of strokes being governed by the pause between the strokes, but with 
rotative engines there is a difficulty in running very slowly, and a pump 
which is being moved very slowly is very frequently inefficient. In such 
cases a leakage of air, or a leakage of water pest the pump valves, gives 
rise to shocks and to a loss of effect. 

In other chapters we have illustrated and described difierent forms of 
non-roUtive engines. We will now briefly notice some of the types of both 
rotative and non-rotative engines in use. 

When directooting rotative engines are employed, very heavy fly-whe^ 
become necessary to insure getting over the centre at slow speeds ; attempts 
have been mode to work the engine slowly with a light fly-wheel by the 
employment of a small auxiliary engine having a crank at right angles to 
the "»»■'" crank to assist the engine over the deadpoint, but the system has 
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not found favour in this country, nor does it appear to be a good practicable 
method of getting over the difficulty. At the end of the stroke of the main 
crank, when the auxiliary engine comes into full operation, there is no 
resistance except the frictional resistance of the engine, and the auxiliary 
engine naturally produces a quick speed just at the time when the actual 
pause is desirable for the proper action of the pump valves. 

Several engines have been built on this plan, such as Regnier's engine 
(fig. 87). 

Kley*8 Pumping-Enffine, — Eley has also endeavoured to overcome the 
difficulty of the deadpoint by his engine illustrated in fig. 88. 

In this engine the object has been to combine the advantages of the 
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Fio. 88. — Eley's Engine, in which the fly-wheel does not torn completely ronnd when 
going slowly, but turns backward and forward, the piston not making a full stroke. 
When mnning fast the engine works as an ordinary rotative engine. 

non-rotative with those of the rotative engine, and to obtain a pause at 
the end of the stroke with an engine having a crank connecting-rod and 
fly-wheel. Should the speed of the engine be too great for the pause, then 
the engine would go on working like an ordinary rotative engine. To 
secure this double effect a peculiar construction of valve gear was necessary. 
The engine valves are of the ordinary double-beat type, and are operated 
by a gear which is a modification of the Cornish gear, having tappets and 
catches so arranged that the valves are operated whether the crank should 
happen to go over the centre or not. Should the crank get over the 
centre, it continues to work in that way ; if not» then the piston makes a 
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shorter stroke, aud the engine works as a non-rotative engine. At high 
speeds the fly-wheel goes continually round : at slow speeds it moves back- 
wards and forwards without turning the centre. 

An engine of this kind has been erected at Idria : it was built by 
E. Skoda of Pilsen, and has been provided for the extension of workings 255 
metres below the adit level, as a substitute pending the reconstruction of 
two existing pumping plants driven by water wheels. It is based op the 
system of combining a double-acting rotatory engine with a cataract so 
that it may be worked either continuously or intermittently through a 
range of speed between half a revolution and eighteen revolutions per minute. 
The arms of the main beam placed below the cylinders are of unequal 
length, giving a stroke of 1*5 metres in the shaft and 2 metres on the low- 
pressure piston, with a further length on the steam side to a total of 6^ 
metres which carries the balance weight of the pit-work and the connect- 
ing rod for the fly-wheel, giving a radius of I '8 metres for the crank path. 
The pit- work is of the Rittinger telescopic form, with differential plungers, 
the total lift of 259 metres being divided over three setts of 65*6 metres, 
100 metres and 105*5 metres rise respectively. The main rods, made of 
Siemens-Martin steel of 32 tons tensile strength with 20 per cent, elonga- 
tion and 45 per cent, contraction at fracture, are circular in section and 
tapered in four thicknesses of 135 millimetres, 110 millunetres, 80 milli- 
metres and 75 millimetres. The total weight of the pumps and pit-work 
is 65*17 tons, of which 50*5 tons are in the moving parts, and the water 
load is 27*616 tons on the up and 14*02 tons on the down stroke. 

The maximum working stresses on the rods correspond to a 10 fold 
safety factor at the top, 10*3 fold in the middle, and 13*8 fold in the 
bottom sett. 

The load on the up stroke is 27*6 + 50*512 » 78*112 tons against 
50*512 -14*017 = 36*495 tons excess power on the down stroke. The 
latter quantity is nearly all counterbalanced by cast-iron weights amount^- 
ing to 20*4 tons attached to the inner arm of the beam between the points 
of attachment of the piston aud connecting rod. A portion of the weight 
is also provided by the steam pistons, which are unusually thick and heavy, 
that of the high-pressure cylinder weighing 26 cwts. and that of the low- 
pressure cylinder 66*6 cwts. The fly-wheel, 7*5 metres in diameter, weighs 
20*65 tons, and the total weight of the engine and condenser is 137*2 tons. 
The average working speed on the trials was eight to nine revolutions per 
minute, corresponding to between 120 I.H.P and 150 I.H.P., while the 
steam consumption under the most favourable conditions is 9*74 kilogrammes 
per H.P. hour. Wood and coal of a low (six-fold) evaporative power are 
used as fuel. The normal work of the engine is lifting 1^ tons of water 
per minute to a height of 270 metres when making six revolutions pei 
minute, corresponding to 100 gross and 75 effective H.P. which can be 
doubled when required. 

The results of three years' working give the steam consumption as 13*66 
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kilogrammeB per effective H.P., that of aQ andei^ground oompound con- 
denmng engine of 120 H.P. in another shaft being 14*39 kilogrammes. 

The total cost of the engine, boiler, pit-work and buildings was £9363, 
of which amount £3912 are charged to the engine and the travelling-crane 
in the engine-house, and £2809 to the pumps and pit-work.* 

There are other forms of rotative engines for actuating the single rod 
system of pumps. Two of these are shown in figs. 89 and 90. 

Geared engines have been used both for the single and double rod 
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Fio. 89. — ^AmericaD Compound Rotative Pumping-Engine for actuating a single line of 

pump rods. 

system of pumps, but such engines cannot be said to be suitable for heavy 
pumping. 

An example of an American geared engine is given in fig. 91, and the 
description of another is as follows : — 

The pumping machinery used in the iron and copper districts of Michigan 
usually consists of Cornish plunger pumps which are operated by geared 
engines, the latter making from three to sixteen strokes for each stroke of 
the pump. 

The largest plant of this type yet erected is that of the Calumet and 
Hecla copper mine at Calumet^ Mich. There are two lines of pumps vary- 
ing in diameter from 7 in. to H in., and with an adjustable stroke varying 
from 3 ft. to 9 ft The object of the adjustable stroke is to diminish the 

* i/tn. Froc. Jnst. Civil SngvMem, oxszyiL 
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capacity of the pumps in the dry season. Each line of pumps is driven 
from a crank placed on a steel spur-wheel shaft 15 in. in diameter, making 
ten revolutions per minute. The mortise spur wheels have a diameter of 
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Fio. 90. — Amnrioan Compoand Rotative Engine for actuating a single line of pump rods. 

22| ft at the pitch line, with two rows of teeth, each 15 in. face. The 
pitch is 4*72 in. Engaging with the mortise wheels are pinioBS of gun iron 
of 4 ft. 6 in. diameter, placed on steel shafts of 12 in. diameter, and making 
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Flo. 91. 



fifty revolutions per minute. The 12-in. pinion shafts are driven through 
mortise wheels 12 ft. in diameter and 24 in. face by pinions, 3 ft. 9 in. in 
diameter, which make 160 revolutions per minute. The engine is 4700 
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H.P., and in addition to driving the pumping machinery does the hoisting 
and air-compressing for the Calumet mine. In the same building with the 
mine pump gearing is a duplicate arrangement for operating the man 
engines. In order to operate the mine pumps and man engine for the 
Hecla mine, it was necessary to use rocking shafte, which are made of gun- 
iron and hollow ; they are 32 in. in diameter outside, and the thickness of 
metal is 4^ in« The pump rocking shaft is 39 ft. 4^ in. long over all, in 
two sections, and weighs 40 tons. Rockers are placed on each end of this 
shaft ; one is connected with a crank on the mortise wheel shafts and the 
other with the surface rods that work the pump bobs. These rods are of 
Norway pine, 12 in. by 12 in. in section and 1000 ft. long. There are two 
bobs, one above the other, with axes at right angles, each weighing about 
25 tons. The connection from the upper bob to the lower has hemispherical 
pins and brasses to accommodate vibrations in right-angled planes. The 
slope of the main pump ia 39*, and the machinery has been designed to 

: f , ^ % 14- 







Fig. 92. — Qeared Pampisg-Engine, having weights hanging on cranks on an mter- 
mediate shaft, so arranged as to equalise the resistance on the engine. 



raise water from a depth of 4000 ft. The pumps are of the usual Cornish 
plunger type with flap valves. There is an auxiliary engine of the Porter- 
Allen type for driving the pumps and man engines when the main engine 
is not working. It makes 160 revolutions per minute, the same as the rope 
wheels. The seeming complication of this arrangement is due to the fact 
that it had to be adapted to existing works for increased depths, and to be 
put in without interfering with the daily operation of the mine. 

One of the objectionable features in all geared engines is, that at the 
time of the turn of the stroke, when the pump offers no resistance, the speed 
of the engine becomes greatest ; the engine runs with a variable load of 
such a nature that the pumps turn the stroke quickly when a pause would 
be desirable. This acceleration of speed at the end of a stroke is a defect, 
to correct which Mr Charles Bridges in America, in 1883, patented a device 
shown in fig. 92. The intention was to equalise the resistance on the 



TTPES OF MINING BN0INE8. IO9 

engine by ms&na of balance weights, but the device does not appa&r to have 
been put in practice. 

Non-rotative pumping enginea in mineB, when worked on the muIUple 



cylinder ayitem, have generally the Woolf system of Steam distribution. 
The receiver systein demands a greater energy of mass to enable the ei- 
pansion of steam to be complete, and, therefore, the strains impoeed on the 
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moving parts beoome very great. It is not expedient to employ the reoeiyer 
system in either non-rotative or direct-acting rotative engines employed to 
actuate heavy pit-work. Mines are sometimes drained by means of steam 
engines placed at the bottom of the pit. When rotative engines are so 
employed, it is practicable to use the receiver system, provided the fly- 
wheel is heavy enough. The high- and low-pressure pistons should actuate 
double-acting pumps direct, and be coupled to the crank shaft with cranks 
at right angles. When non-rotative engines are employed, the inertia of the 
water column may be made use of, as explained on page 84, and the most 
economical result with such engines is obtained with long stroke tandem 
compound or triple engines. Duplex and other short stroke steam pumps 
lose much by clearance. 1 in. clearance in a 15 in. stroke is nearly 17 
per cent., whilst on a 5 ft. strake it would only be one-fourth of that amouut. 
Pumping-engines when employed for the water supply of towns, etc., are 
not subject to the same practical considerations as mining engines, because 
they are generally applied under different conditions and in quite a different 
way. 

Compound Cornish Engine, — In figs. 93 and 94 we give the elevation 
and plan of an engine designed by the author for the Waihi Mines, 
New Zealand. Both cylinders have the Cornish cycle of steam dis- 
tribution. 

A section of the cylinders showing steam- valve nozzles and feed-heaters 
is given in fig. 86 and fully described in Chap. V., page 97. The cylinders 
are 45 in. and 90 in. in diameter, both having a stroke of 8 ft. The pumps 
are of the plunger type, 19 in. in diameter, and have a stroke of 10 ft. The 
total lift is 1000 ft. 

The pumps are shown in figs. 132 and 133, Chap. VII. Fig. 93 is an 
elevation and fig. 94 a plan of the engine. The condenser is of the surface 
type, and is placed with the air-pump in a water tank outside the engine- 
house, as shown in fig. 94. The boiler pressure is 120 lbs. 

Fmnping Shafts. — Where the shaft is entirely used for the pumping 
plant, the steam cylinders may be placed directly over the pump rods, as in 
figs. 95 and 96, and then the balanced system of pump rods may be em- 
ployed, the engine being a compound double-acting engine with valve 
nozzles, as shown in figs. 97 and 98. Another practical example of such 
an engine is given in fig. 99. 

This form of engine has been frequently applied in Cerman collieries by 
Mr Wippermann, who has also designed and erected the engine illustrated 
in fig. 100. 

In this engine the parallel motion beams take the place of the triangular 
rocking levers of ^g, 99. 

In the collieries of this country the horizontal engine (fig. 67, 
Chap. lY.) is generally preferred, because it gives more room at the top 
of the shaft 

In fig. 101 we illustrate a pumping-engine at the Calumet and Hecla 
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Figs. SE and SS. — Btcrvfttion and Plan of a Pair of Compoimil Engjues plaMd 
dirotif oTBi ths abaft, each engine aotufttiiig a double Un« of loda. 
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Mine for pumping water for use in tihe stamp millB. There are three 
pumping-engines, two of whiob have a capacity of 20,000,000 gallons per 
day, while that of the third is 10,000,000 gallons per day. 

The water is elevated between 60 and 60 ft., and is used for treating 
the stamped rock. Two of the engines are of the inverted compound beam 
and fly-wheel type (flg. 101). 

The largest of the oompouad engines is named 'Ontario,' and has a 
vertical low-pressure oylinder 36 in. in diameter, and a high-pressure cylin- 
der 17^ in. in diameter, the stroke of both being R fL These are inverted 



Fios. 97 snd 08. — VkIts Qear and Section of Nozzlu and Valval of Componnd Donbl«- 

toting Engine with Cjlindera over Pnmp Roda. 

EleratiaD and plan of two enginM over one aban are giien In ttgt, 06 and 96. 

over a beam or rocker, and the pistons are connected to opposite ends of 
the same (% 101). 

The beam attachment of the main connecting rod is made to a pin 
placed above and midway between the pins for piston connections. The 
throw of the crank is 5 ft. There are two difi'erential plunger pumps 
having upper plungers 20 in. in diameter, and lower plungers 33 in. in 
diameter, with a stroke of 6 ft These pumps are vertical, and placed 
beneath the engine bed-plate, to which they are attached by strong 
brackets. The pump under the low-pressure cylinder is worked direct 
&om its crosahead by an extension of the piston rod. The other pump is 
worked by a trunk connection from the opposite end of the beam. The 
radius of the beam is but GO in., but the connections to it are made veiy 
long by links. 
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The lower plungers work through sleeves in diaphragms situated in the 
centre of the pumpe. 



FlO. B9,— Tertlc»l Componiid Donble-uiting Engine yrltk cylinders direct!; over the 
shaft, the engine Mtnating > double line of rods — used in aome Qennan collieries. 

In these diaphragms the openings for the delivery valveB are uiade. 
These TaWee are of brass, faced with rubber, and closed with brass spiral 
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springs. Their diiuneter, however, is D^ in., and there are 72 saotion and 
72 delivery valvea for each pump. It will readily be seen that the action 




Fio. 100. — DoabU-Hting Compoand DiflersntUl Eogjae. 



of theae pumpe is similar to that of the bucket and plunger, each pump 
having one suction and two deliveriee for each revolution of the engine. 
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The ' Ontario ' u designed to nin at a maximum speed of S3 rerolntinui per 



In fg. 103 we give an illustration of Barolay's grasshopper beam engine. 
This engine has been made both with single and with compound cylinders. 
The engine may be single or double acting. 



Fio. 101. — Pumpbg-Engiiie— Cklaawt aud Hecia Mine. 

When of the latt«r oonatniction, a heavy lialanoe beam is required. 
The vaWe gear employed is of the ordinary ComiBh type. 

Fig. 103 represents a small compound Comiah engine supported on a 
steel framing. 

Thia engine was designed to be independent of masonry foundation, in 
order that it might be easily taken down and re-ereoted at another place 
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with little expense. In hjoty it is semi-portable. The connection of the 
piston rods with the beam is made by means of a triangidar connecting 
rod. The steel firaming which carries the engine also forms a support for 
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Fio. 102. — Barclay's QrasHhopper Beam Kngine. 



screw gear for the purpose of lowering and lifting the sinking lift in the 
shaft. 

The steam valyes are of the ordinary D-slide valye form, actuated by 
means of the differential gear. 
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Example of large Pumping-plant. — ^The pumping-plant illustrated in the 
folding plate (Plate YII.) and the following engrayings is probably the largest 
pumping-plant erected on one shaft. It was designed by the author for 
the Miike mine in Japan. The complete pumping-plant is capable of 
raising 9000 gallons per minute from a depth of 900 feet when the engines 
are running at six strokes per minute. This equals 58,000 tons of water 




Fig. 108. — Small Componnd Cornish Engine with triangular connecting rod attach- 
ment to beam showing suapeuding rods and screws for bucket lifts. 

in twenty-four hours, or 13 million gallons. The total horse-power in 
water lifted is 2500. 

The shaft is rectangular, 41 ft. long by 12 ft. wide, and is made 
to accommodate four sets of twin pit-work and two pairs of winding 
cages. 

Plate VII. shows the general arrangement of the surface plant — 
the pit-head frame, the pumping-engines, winding-engines, and steam 
capstans. 

A perspective view of the pit-head frame is given in fig. 104. The 
following illustrations give details of the pump work, the methods em- 
ployed in sinking the shaft, the arrangements for sinking, permanent 
pumps, etc. 



[To face page 118. 



WINDING ENGINES AND STEAM 
CAPSTANS. 



Two Winding Engines — ^Two Steam Capstans. 




longx 12 ft wide.— Miike Mines, Japan. 
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PttmptTtg-En^ntt. — There are four pumping-engmeB whioh are arranged 
aide by side ia oue large house. The surface condensers of the engines 
are placed in tanks outside the engine house. 

The engines and condensers are dearly abown in plan and elevation on 
the folding plate, whilst the engines themselves are given in detail in figs. 
105 to 107 ; on page 120, fig. 107 shows a section of the steam cylinders, 
and figs. 105 and 106 the valve gear, etc The valve gear is of the dif- 
ferential type actuating drop valves. The oylindera are 46 and 90 in. 
in diameter and have a l2-ft stroke. A section of the air pump is given 



Fio. 104.— St«el Pit be&d Fnine. 

in fig. 106, and that of the condensers in fig 109. The steam passes 
through the tubes of the condenser, the condenser itself standing in a 
water tank with the water surrounding the tubes. In fig. 108 it will be 
seen th&t the air pump stoffing-boi is provided with a pipe communi- 
cating with the hot well. The object of this is to introduce water to 
a lanthom bush inserted in the packing, thus preventing air leaking 
intji the pump through the stuffing boi. E^h engine actuates a 
double line of pump rods by means of a pair of quadrants, as indicated 
in PUte VII. 

Pit-lieai Frame (fig. 104).— This frame ia built of steel It has a total 
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height of 101 ft Over the winduig pulleys are placed giidera for 
oarrTing the oapetan pulleys. The wmdhig pulleys are 17 ft. and the 
oapetan pulleys & ft. in diaioeter. Each capstau pulley wiU carry 30 tonsL 
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At each end of the winding engine bouse is pl&oed a SO-ton steam 
oapetan for the purpoBe of lifting and lowering the pump work. 

Guide pullejB are fixed on each aide of the pithead frame for leading 
the capetan rope to the ovBrhead pulleys. 

System of SinJcing the Shaft. — Each engine is provided with a pair of 
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Binking pumps, etich SOO ft. long, for the purpose of sinking io stages of 
300 ft On the completion of the firet stage, pluuger pumps are put in to 
take the place of the sinking pumps, and then the sinking pumps are used 
for another st^e of 300 ft, when the operation of putting in plunger lifts 
is repeated. 

Sinking L^.—E&ch pump is 23 in. in diameter, has a 12-ft. stroke, 
and is Buepended in steel rods as in fig. 110. 

That the unking pumps ma; stand clear of the plimger lifts, the; are 
worked from a set-off on the main rods, as in figs. Ill and 113, and in 
detail in fig. 113. In the shaft above the sinking lifts are placed Bt«el 
girders, from which the sinking pumps hang in the suspraiding rods, the 
top of the suspending rode being provided with so^ws, as shown in fig. 
114. The screws are made long enough to allow of an addition of a 
length of pipe; the screws have nuts on which are fixed worm wheels 
gearing into worms, actuated by means of Pelton wheels taking their 
power from the water column, as in fig. 1 15. The lower girders are for 



Fio. 100.— Detail of SnrfMieCDiideaser. 
2100 square feet of tube surface. Number of tnbea, 9G1. 

taking the weight when it is required to add an additional length of 
rods. The Pelton wheels are shown in section in figs. 116 and 117. It 
will be seen that there are three wheels on one shaft The two outer 
wheels are made to run in one direction for lifting and the centre wheel 
in the opposite direction for lowering. The general arrangement of the 
Pelton wheels for three sets of sinking lifts is given in fig. 118, and a side 
view of the screws in fig. 115. 

Flungar Liftt. — A plan of three pairs of plunger lifts showing the 
positions of the sinking lifts is given in fig. 119, and an elevation in fig. 
120. That the plunger Ufta may be all in a line, one under the other, 
Bteel aide rods are carried down from the plunger head and connected to 
the pump rod directly underneath, as in fig. 120, and also shown in figs. 
Ill and 112, tt^ther with the suspending rods for the sinking lifts. 

Pump Rvdt.—Tha pump rods are 22 in. square, built up of four 
11-in. square timbers, and are guided every 45 ft., as in fig. 121. The 
catoh-pieces and banging beams between each plunger set are shown 
in fig. 122. The method adopted for connecting the bucket rod to the 
main rods is illustrated in fig. 113. 
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UiidergroTiiid Engfiue and Pnmpe. — There are ti 
and piimpe used underground. 

In the earlf dajs of underground engines, the author had oooasicm 
to put a pair of engines and pumpe at the bottom of the pit at the Clay 
Croea ColHery, and an experiment 
was then made to asoertain the 
loss from condensation in the stxam 
pipes. 

The shaft was 1000 ft. deep, and 
the hoilers were on the surface. The 
following are the results of the eiperi- 

Result of experiment to ascertain 
the loss oauBed hj taking steam down 
a ooal pit : — 

DUmetsr of pipM, 7} in. 

V«rtic«] height of pipes 

ID pit, . . BIG ft 

Horuontftl 1«Dgtb on 

the HDrhce, . 18S „ 

Tc.t»l length, . . 1100 „ 

Length of plpea with 

non-condncting 

cement, . lOlE „ 

Length of pipes dd- 

olothed, , . 8G „ 

Preatnre of gt«&ni at 

sariice, 4S Iha. per sq. in. 

PniBsuni of stenn at pit 

bottom when en- 

ginea were standing, 4S „ 




Fio. 113 — Detdil of Spear Rods ahow- 
iog oonneotiOD for rods of unk- 
ing urts. 



The engines consisted of a pair of single^ylinder direct-acting engines : — 

Diameter of oylinden, . . ■ . . 20 in. 

Length or ttroke, . . . . . . S6 „ 

Speed of engines, ..... . lOdoableBtrokee per minnte. 

Water from oondenratlbn in the pipea, . .12 cnbic ft. per boor. 

Water from condensation when the engines were ntanding, . 8 „ „ 



The steam pipes stood on a strong piece of timber at the pit bottom, 
and were kept iu a vertical position bj stays fixed 27 ft. apart vertically. 

An expansion joint was provided near the top, and the expansion of the 
pipes was found to be 18 in., or 2 iu. for every 100 ft in length. 

It is clear that a very great loss must occur from long steam pipes 
however well they may be covered with so-called non-conducting com- 
position. 

Underground engines are of various types. Ordinary steam pumps 
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with Eteam-moved Talvee, single and oompound, but with various corobina- 
tiona of steam oylinders and pumpa to suit the various oonditioos of 
application, and with various oontrivancea for giving motion to the valve 
of the steam cylinder ; the object o! the design is frequently to produce a 
compact and cheap pump. Theee are made single and compound, condens- 
ing and non-oondensing, and two raginea and pumps are often combined on 
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Tio. 114, — Detail of Kunp Sodt afaowiog lowariag Tod< ftod Krvm 
for daUiig lifts. 

the duplex plan of steam valve motion deeoribed in Chap. XI., fig. 191. 
For the purpose of making these purape cheap and self-contained, they 
have a short strok& Where compactness is a great consideration a short 
stroke pump is useful, but as all non-rotative engines and pumps must 
have conuderable clearance in the steam oyUndeis, the longer the stroke 
the lees the percentage loss from clearance. 

Where the work to be done is considerable and permanent, a long 
stroke is to be preferred for non-rotative enginee. There is no difficult; in 
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arranging long stroke enginee on the duplex plan^tbat is, in haTingtwo 
oomplete double-acting engines and pumps with the valre motions so 
arranged that when the two engines are working together one engine 
commences its stroke before the stroke of the other is completed. At the 
same time, each engine may have its valve gear so constructed that in the 
case of accident to one engine the other may be kept at work. This is 
superior to the usual duplex engine, which oonsistB of two complete engines 
and pumps mutually de- 
[^ — 12''0" — *\ pendent on each other. If 

one engine is out of order, 
neither can be worked. On 
the question of compactness 
the ordinary duplex pump 
may be desirable for small 
powers, but for large powers 
other designs and arrange- 
ments are to be preferred. 

Dip WorJdngg. — Tiie 
dip or inclined workings 
in mines are sometimes 
drained by means of steam 
pumps, and as the pumps 
have to be moved from 
tdme to time, the short- 
stroke self-contained pump 
is convenient 

The author has recently 
met with a case where all 
the water of the mine fol- 
lowed the workings to the 
'dip.' The shaft wssCOO 
ft deep and provided with 
a surface engine and shaft 
pumps. The workings ex- 
tended from the bottom 
of the mine to the dip, 
Fl0.115.-Arr«ip-ment of PeltonWhwlsMd Lowor-* distance of SOOO ft., 
lugOear for Sinking Lifta *>*'' '"^ inclination of 1 

in 10. 
Steam pvimps of various Qrpee, simple and duplex, etc., were used to 
pump the water from the workings up the incline to the main sump. The 
total length of steam pipe was about 4000 ft, and the average oonsumption 
of coal per pump H.P. for all the steam pumps was 30 lbs., and as the 
tXHlera evaporated 6 lbs. of water per lb. of the slack ooal used, the con- 
sumption of steam per pump H.P. for the system (including all losses of 
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Pio. 116. 



Fio. 117. 




F108. 116 and 117.— Details of Pelton Wheels for working worm and screw gear for 

lowering and lifting sinking lifts. 




Fio. 118.— Flan showing Pelton Wheels and Lowering Gear for sinking pnmps. 

9 
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condensation in steam pipes, eta, amounted to 180 lbs. The woik done 
was about 200 H.P. 

This clearly was a case where hydraulic transmission of power from the 
surface would effect a great economy. 

Rotative JShujines Underground. — ^For permanent work undeiground 
various forms of rotative engines are used. 





Fig. 119. — Flan of Plunger Lifts showing position of sinking lifts. 



The type much used in France and Germany is the ordinary cross com- 
pound engine with double-acting plunger pumps. 

The following are particulars of examples of such engines : — 
Underground Pumping-Engine at the Hugo Mine, Westphalia, — Depth 
from surface to engine, 652 yards ; distance from pit bottom, 280 yards. 
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The engine is of the horizontal crosB compound type, having two cylindeiB. 
Attached to the low-prensure piston rod is a double-acting plunger pump, 
and attached to the high-presaure piston rod by meaua of a three-armed 
lever are two plunger pumps employed to raise the water to the feed 



cp 



FlO. 130,— Ele¥«tion» and Plm of Plunger Lifts. 

oistem, a height of 4S ft. The steam from the low-pressure cylinder and 
the jackets is oondenaed by the water lifted by these pumps. The diatnetor 
of the high-pressure cylinder is 27*65 in., and of the low-pressure 46-27 
in. ; the length of stroke is 4724 in. ; the capacities of the cylinders are 
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in the ratio of 1 to 2'75 ; the diameter of the nuun plungen is 7*65 in., 
and of rod 3-93 in. 

The rising mftin U 9} in. inside diameter, with a total length of 1027 
^ards, the vertical rise being 641 ;ards. The steam pipe Is 9J in. in 
internal diameter, 1100 yards long, and is carried down the pit and along 
the Donnecting gallery side bj side with the rising main. The steam pipe 
is covered with a layer of ' infusorial ' earth ^ in. thick, over which is laid 
lyr in. thickness of paper pulp, and that has a covering of jute oanvas 
lapped with galvanized iron wire with adoublecoatingof sheet iron and lead. 




<Mt 



RISING ^v'* 




Spear Rods 



FIR.131.— DslftilofPampRodaBliowiDg 
method of gajdini^ ur staying — UUke 



Fia. 12&— DeUtlaofPampRodaahowiDg 
catch-pieces, banging beams and ruing 
Ha<n— HUka HiuM. 



painted with asbestos paint outside. The results obtained from trials 
continoed over three-and-a-half months, showed that the work developed 
in the engines was 348^ H.P., and that of the pnmpe 287*56 H.P., or a 
useful effect of 82} per cent. The actual discharge of the pump was 98*7 
per cent, of the theoretical quantity. The oonsumption of steam under 
these conditions was 7782-32 lbs. per hour, of which amount 1741-16 Iba. 
was condensed and removed by the drain oocks. It appears, therefore, 
that in spite of the great care taken in protecting the steam pipe by non- 
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conducting coverings, the loss by condensation is very considerable, being 
22*4 per cent, of the total steam supplied. 

The cost of the two engines and the necessary underground works was 
as follows : — 



Cost of enginesi rising mains and steam pipes, 
Buildings and proprietary works anderground, 

Total, 



. £12,000 
6,779 16 

. £17,779 16 



The engine when making 40 revs, per minute lifted 960 tons of water 
in a shift of eight hours at a total cost of — 

Steam, . . . . . £1 14 

Wages, . , . ,068 

Lubrication, . . . .088 

Lighting and current repairs, . . .071 



Total, 



£2 11 



for 960 tons of water lifted 1968 ft. 

It will be seen that the cost of the whole installation was about £60 
per effective H.P., without boilers.* 

Combined Direct-acting and Rod-pumping Engines, — At Arsimont, in 
Belgium, the drainage engines are required to lift a quantity of water 
varying from 1800 cubic metres per day in summer to 4000 or 5000 
metres in wet winter. This has to be raised partly from 203 metres, and 
partly from 260 metres, but ultimately the lower level will be extended to 
350 metres. 

To meet these conditions, two compound horizontal engines have been 
placed at the 260 metre level, each driving four plunger pumps, which 
force the water to the surface, while a part of the power is transferred by 
spur gearing from the fly-wheel shafts to a pair of Rittinger telescopic 
piunps placed in a vertical shaft below the engine chamber, now 17 metres 
deep, but which will ultimately be carried down 90 metres more to the full 
depth of 350 metres. 

The principal dimensions of the engines and pumps are as follows : — 



A. — RUtiriger Pwmps in PU, 
Diameter of plungers. 
Length of stroke. 
Capacity per stroke, . 
Diameter of suction pipe, 
Diameter of rising pipe, 
Velocity of water in rising pipe at 80 revolutions or 10 
strokes per minute, • . . • • 



0*496 metre. 
1-200 „ 
0'282 cubic metre. 
0'600 metre. 
0-600 



0-860 



I* 



•f 



* Proe. Itut, of Civil Engineers^ voL cxviii. p. 616. 
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B. — Steaan Engirua. 

Diameter of H.P. cylinder, 

Diameter of L.P. cylinder, 

Stroke of pistons, 

Length of receiver, 

Diameter of receiver, . 

Diameter of fly-wheel, 

Diameter of steam pipe, external. 

Number of expansion joints in 250 metres, 

Diameter of exhaust pipe when working high pressure, 

0. — Ckmdenaer. 

Diameter of air pump, ..... 

Length of stroke, ...... 

Capacity per revolution, ..... 

D.—Force-^pmnps of Engines. 

Height of lift above engines, ..... 

Heightof lift above sump, ..... 

Diameter of plungers, ..... 

Length of stroke, ...... 

Theoretical discharge of each engine per 24 hours at 80 
revolutions per minute, ..... 

JL—RiHng Pipes. 

Diameter ot discharge pipes in the engine-room, 

Speed of water per second at 80 revolutions, 

Diameter of large air vessel, ..... 

Height, ....... 

Thickness of casting, ...... 

Diameter of rising pipes in up-cast pit, 0*280, 0*290, and 300 

Thickness „ „ 0080, 0*025, and 0*020 

Velocity of water in main from the two engines at 80 

revolutions, ...... 0*260 

The results obtained at the regular working speed of 30 revolutions 

were : — 

Effective discharge of the pumps. 

Water lifted by both engines in 24 hours, 

Steam consumption at boilers per useful H. 

determined from the discharge, . 
Total condensatiou per hours 450 litres. 
Pressure of steam in the boilers, 
Pressure of steam in the steam drier iu engine-room, 
Vacuum in condenser, .... 

On a High Lift Underground Pumping- Engine.. — The engine has a 
single horizontal cylinder 0'75 metre in diameter, and a 0*80 metre stroke, 
provided with Meyer expansion gear adjustable by hand. The initial 
steam pressure ranges from 2^ to 3^ atmospheres effective, and the cut-off 
from -^ to ^ of the stroke. The pumps — two single-acting plungers 110 
millimetres in diameter, placed back to back — are in line with the steam 
pistons, and are connected with it by a cross-head, which also drives two 
small and heavy fly-wheels placed behind the steam cylinder. 

* Froe, Inst, Civil Engineers^ vol. cvU. p. 615. 



0*600 metre. 


1-000 




0-800 




2150 




0-400 




8*500 




0-200 




8 




0*096 metre. 


0*500 


tt 


0-820 


II 


080 cubic metre. 


250 metres. 


268 


»i 


180 


II 


800 


II 


2*788 cubic metres. 


0*200 metre. 


0*970 


i» 


0*700 


II 


6100 


II 


0-040 


II 



II 



II 



II 



97 i per cent. 
6*818 cubic metres. 
P. per hour as 

. 16-2 
12 
. .6 

4ito6 



kilogrammes, 
per cent 
atmoepheres. 



II 



0-760 metre.* 
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The slide-valve is driven by an ecoentrio on the fly-wheel and the 
expansion valve from the cross-head The cast-iron framing is exoeediugly 
solid, the dimensions having been calculated on the supposition that it is a 
beam supported at the ends, and loaded uuiformly through its length in 
order to render it independent of movement on the ground. 

The condenser, with its air-pump of 0*260 metre diametor, is placed on 
one side of the engine. The whole of the water to be lifted passes through 
the condenser, and is delivered under pressure to the suction valve of the 
main pump. 

The useful effect realised by the engine and pump combined varies 
from 71 to 77 per cent, of the power expended, as determined by experi- 
ments made in September 1888, when the pump valves had been at work 
five months without being changed. The principal results of these trials 
are contained in the following table : — 



No. of Bzperimeut. 


1. 


2. 


8. 


4. 


6. 


Date (1888). 


Sept 8. 


Sept 8. 


Sept 4. 


Sept 4. 


Sept 4. 




Centigrade 


Osntlgrade 


Centigmde 


Oentfgnde 


Centigrade 


Temperatare of water in pump, 


88' 


86' 


29' 


29* 


29" 


Temperature in hot-well of con- 












denser, .... 


47' to 49* 


60' to 62' 


47' to 48" 


48' 


49 


No. of revolations, . 


48 


44 


62 


66 


68 


Theoretical discharge per hour, 












cubic metres, 


48-77 


4012 


47*44 


61-07 


62-01 


Measured discharge, 


89 08 


86-66 


43-17 


48-61 


69-66 


Duty of pamiis, per cent., 
Wor\ in water lifted H. P., . 


89*8 


S9 


91 


96 


96 


88-4 


76 


91-24 


108-48 


127-24 


Indicated H.P., 


117-6 


109 


126-99 


184-28 


167-24 


Useful effect, per cent, . 


71 


70 


71-8 


77 


76» 



* Proc Itul. OivU Sngvnsen, vol. ovii. p. 618. 

Compouwi Comitih Cycle Pumptng-Engine, — Figs. 123-127 illustrate a 
very large pumping-engine at the Waihi Mines, New Zealand. The engine 
has two cylinders — high and low pressure— each having the Gomish 
cycle of stenm distribution. The old Cornish engine is limited to about 
45 lbs. boiler pressure and four expansions, but the engine under notice has 
a boiler pressure of 150 lbs., and a total range of expansion of fourteen. 

Fig. 123 is a sectional end elevation of the engine looking towards the 
low-pressure cylinder, showing a section of the sump at the side, in which 
is placed the air-pump and condenser ; and an end elevation looking 
towards the high-pressure cylinder, showing the steam nozzle-box and 
differential gear. Fig. 124 is a side elevation. 

It will be seen from Fig. 124 that the pistons of both cylinders are 
connected to a built-up steel rocking beam, one piston making the up 
stroke whilst the other is making the down stroke. The rocking beam 
extends beyond the high-pressure cylinder and the wall of the engine-house, 
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over the shaft, and imparts motiaa to a singla line of spear-rods for 
working the pumps. The inner, or low-pressure, end of the beam is made 
to form a baUnoe-box. 



The high-pressure cylinder is 60 in. in diameter, with a stroke ot G ft., 
and the low-pressure cylinder is 110 in. in diameter, with a stroke of 12 fU 
The ratio of the ojlinders ia thus 6*7 to 1. The stroke of ttie pumps is 
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equal to that of the large cylinder — 12 ft. ; the pump plungers are 33 in. 
in diameter, the first plunger set being placed at a depth of 700 Ft. from 
the sur&oe. The engine is designed to raise 1500 gallons per minute 
from a total depth of 15D0 ft. To raise this quantity the engine will work 
at seven strokes per minute; the actual horse-power being 730. The 
water-load on the engine, all referred to the large cylinder, is equal to 
30 lbs. per square inch. This load is practically double that of the proper 
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toad of the old single-oylinder Coniish engine, which, to give the same 
power, would necessitate having a cylinder 156 in. in diameter. 

It may be of interest to note that the rocking beam, which is built up 
of mild Bteel plates and angles, with massive cast-iron centres for the shaft 
and pins, is 48 ft. long over all, and 8 ft. deep at the centre and along the 
parallel part ; the two bearings of tho centre shaft are each 22 in. in 
diameter by 24 in. long. The rocking beam with centre shaft and pins 
weighs 50 Cons, and the plummer-blooks and sole-plates another 14 tons. 

The large cylinder, as already noticed, is 110 in. in diameter; it is 
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Fio. 126.— PluDget Pump, WaJhi Mine, 700-feet lift. 
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15 ft. 4 JD. long ovar the fl&nges, and 2^ in. thick. Bind with bedplBt« slid 
cover weighs 41 tons. The pistons EUid piBtou-roda of both cjlinden have 
metallic packings. The oroes-head guides are supported on the rocking- 
beam floor, and are cooBtruoted bo aa to allow for ezpansion or for 



fiQ. ise.— Differential Gear, Waihi Mine, 

any alight deflection of the cylinder girders, to which they are attached 
at the top. 

The condenser and air-pump are placed in a sump at the side of 
the engine-house, aa shown in fig. 123. The air-pump is placed verticallj, 
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and is 30 in. in diameter, having a stroke of 5 ft. It is worked from the 
rooking beam. 

The condenser is of the surface type. The tube-plates are 5 ft. 6 in. in 
diameter, of rolled brass; there are 954 brass tubes, 1 in. in diameter 
externally and 10 ft. long, giving a surface of 2400 ft. The whole of the 





... 
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Fio. 127.— Compound Cornish Engine, South Staffordshire Mines Drainage. 

outside surface of the tubes is exposed to the water in the sump. The 
water from the mine pumps is discharged through this sump. 

The plunger pump is illustrated in fig. 125. The plunger, 23 in. 
in diameter, is worked in a direct line with the spear-rod, which is carried 
down past the plunger case by two mild st«el side-rods, from the massive 
cross-head at the plunger head, and attached to the spearrod below the 
pump. By this arrangement the old method of working the plunger by a 
set-ofif from the spear, with its consequent excessive side strain, is avoided. 
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The pump is fixed at a depth of 700 ft. from the surface. The vaWe-boxes 
and pipes are placed in a chamber at the side of the shaft. The connecting 
pipes and the rising main are 21 in. in internal diameter. There are three 
suction and three deliyery valve-boxes, each having a 12-in. east-iron 
double-beat valve with gutta-percha beats. The plunger case and the 
rising main, weighing together 160 tons, or, with the water-load in addition, 
280 tons^ are carried on two massive built-up steel girders, firmly built 
into the sides of the shaft. The side-rods connecting the spear-rod, above 
and below the pump, pass down between these girders. 

The engine is governed by the Davey differential gear of the latest form. 
The engine cylinders are provided with five double-beat drop- valves of gun- 
metal; one steam and one equilibrium for the high-pressure cylinder, and 
one steam, one equilibrium, and one exhaust for the low-pressure cylinder. 

Fig. 126 shows the differential gear and the method of conveying 
the motion to work the high-pressure valves. When the main pistons 
and the rocking beam of the engine are at the end of the stroke, then the 
piston of the small subsidiary cylinder E of the differential gear is also at 
the end of its stroke ; all the double-beat valves for actuating the engine, 
steam, equilibrium, and exhaust are then in a closed position. 

The tappets on the rod H for actuating the high-pressure steam and 
equilibrium valves, and the tappets for the low-pressure valves, are then 
adjusted until they are in contact with the dies on the various levers 
through which the valve-rods pass, so that the least movement of the 
subsidiary piston of the differential gear will open the valves. 

All adjustments for varying the cut-off on high-pressure and low-pressure 
steam and equilibrium valves is made by varying the travel of the roller 
levers. These roller levers have the engine motion, which is conveyed 
through the shaft F and the tappet rods H, J. For the earliest cut-off the 
tappet E is screwed against the die L^ so that the roller M begins to move 
at the commencement and continues to move throughout the whole of the 
engine stroke. For a later cut-off the tappet E is moved further up the 
rod, so that the roller movement is delayed and its travel shortened, the 
effect being that the valve is dropped later in the stroke. 
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PIT-WOKK. 

Thk term 'pit-work' is employed to designate the pumps in the shaft 
and all that appertains thereto — pump rods, guides, shaft timbering, etc. 

Pump rods are iisually of red pine having a tensile strength of from 
12,000 to 14,000 lbs. per sq. in. After making all allowances for the weak- 
nesses not generally detected in large baulks of timber, and giving a proper 
factor of safety over and above the maximum strains to which such rods are 
exposed, the working load should not exceed 500 to 600 lbs. per sq. in. in 
main rods. Higher strains are employed when there is a good practical 
reason for keeping down the size, as in bucket pumps where the size of the 
rod is limited by the size of the pump. Iron or steel rods are used for 
bucket lifts, sinking lifts, etc., but the main rod of a large pumping-engine 
should be of wood. 

Iron and steel rods have been used both in the solid and in built-up 

forms, but such rods have not 
generally found favour. The 
joints are apt to work loose, 
and the practical difficulties 
of effecting repairs is very 
great. Fig. 128 represents a 
form of w rough t-iron or steel- 
rod coupling used in Ger- 
many, and also in a few cases in this country. Steel rods have also 
been used in an inclined shaft as shown in fig. 129. The alternating 
bending action from the weight of the rods, together with the loosening 
action of the alternating strains, caused the rods to fail. Pump rods 
built up of girder sections, sometimes of the box form, have been used, but 
it has been found that there is a great difficulty in keeping the joints 
from working loose. Iron and steel rods of all forms, where they are 
subject to alternating tensile and compression strains, are subject to 
greater vibrations and derangement than wooden rods. The rods should 
be heavy enough to overcome the resistance of the pump so that there 
may be no thrust on them from the engine during the down stroke. 

When the double rod or balanced system of pump rods is employed, it 
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per cent heavier than the water 



ie ugual to make eaoh lod at teaat 
load. 

When single rods are used, as with the Cornish engine, the surph 

Ud^s hen. 



I 




Fio. 130. — Comuh Pit-work showing ^ont and side aleTstiuiiB ol pDmp work, rods, and 
balanoc bobs for ths antire depth of shaft. 

weight of the rod is often muoh greater ; the surplus is then taken up by 
balance bobs, one being placed on the siirfaoe where nioe adjustments can 



i 



easily be made by putting on or 
liking off weight. In a great length 
of rods, other balance bobe, placed 
underground, are sometimes found 
necessary. An example of the 
Cornish system of pit-work is given 
in fig. 130. In this system the 
sinking lift is used for a depth of 
30 to 40 fathoms ; then a plunger 
pump is put in at that depth, and 
the sinking lift used for a further 
depth ; and so on. A detcul of the 
sinking pump is given in fig. 131, 
and of the plunger piunp in figs. 
132 and 133. 

For a lift of not more than 40 
fathoms leather-faced flap valves f 

may be used both in the sinking | 

and plunger pumps, but much l, 

higher lifts have been made possible | 

by alterations in the form of the | 

pumps and the use of double-beat ^ 

and other types of valves in the | 

place of the old Cornish type. 5 

The jointing of the rods should 3 

have careful attention. Splice joint- | 

iug is not to be recommended. ' 

There is nothing better or more '. 

easily constructed than butt joints. 3 

The ends should be carefully % 

' squared,' and the bolt holes for the 
strapping plates bored with a little 
'draw,' so that when the bolte are 
all tightened up the ends of the 
rods may be drawn together. 

Butt joints are easily tightened 
by wedging sbculd they become 
loose. 

There is less vibration with 
wooden rods than there is with 
iron or steel ; the wood being so 
much larger in section for a given 
strength is in a better proportion 
for the function it has to perform, 
vit., that of lifting the water by 
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Conlili Plunger Pump with Donblt-b 
Vtiwm and Circnlar Door^ 
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its own weight, and in working subject to alternate compression and 
tensile strains. During the down stroke the engine should not put any 
thrust whatever on the rod If it does, 
then unpleasant buckling and vibration 
will occur. The rod should hang on 
the pin of the beam or quadrant with 
considerable weight during its descent, 
therefore it must be heavier than is re- 
quired to merely overcome the resistance 
of the plunger. 

Wood rods require less staying than 
iron or steel. It is usual to make each 
length of rod 50 ft., placing a stay in the 
middle of each length. Each joint is 
made with four strapping plates of mild 
steel. It was the custom to make the 
plates of hammered iron and to taper 
them so that they might have the 
greatest strength where most needed, 
viz., in the centre, but parallel plates 
of mild steel are now usually employed. 
Rubbing-pieces of hard wood should be 
fastened on the four sides of each rod 
where the guides occur. 

Attempts have been made to form 
the pump rod into a rising main, thereby 
economising space in the shaft. 

A pump constructed on this plan 
(shown in fig. 134) has been erected in 
the north of England, but we have had 
no information as to its efficiency. We 
fear, however, that the practical diffi- 
culties of applying the system satisfac- 
torily to heavy pumping will be found 
to be very great. 

In inclined shafts rods are carried 
on iron rollers. An example of pitrwork 
in an inclined shaft is given in figs. 135 
and 136. The machinery includes a 
pumping engine, a man engine, and a 
capstan engine, — the relative positions 
of the engines at the head of the shaft 
being shown in plan in fig. 136. The 
first 423 ft. of the shaft is vertical, and the remainder inclined at an angle 
of about 60 degrees with the horizontal 
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The man engine and the capstan are driven by an engine having a 
pair of cylinders 1 1 in. in diameter and a 20-in. stroke. On the crank-shaft 
of this pair of engines is a pinion gearing into a spur wheel on a counter 
shaft) this counter shaft also carrying a pinion gearing into a spur wheel 
on the capstan drum shaft, and a spur wheel geeiring into a large spur 
wheel carrying a crank pin, from which the rod of the man engine is 
operated. The capstan drum is 6 ft. in diameter and 5 ft. 3 in. long, 
running at the same speed as the man engine. It is adapted for lifting 
a load of 5 ton& 

The man engine has a single line of rods balanced as shown in figs. 135 
and 136. The rods have a stroke of 12 ft., and make five strokes per 
minute. In ascending or descending the men step alternately from the 
stands carried by the rods to fixed stands at the side of the shaft. 

It will be noticed that the balance quadrant is placed next the engine, 
so that the horizontal spears are in tension ; this is also the case with the 
pumps. The rods are made to run on rollers. Both the capstan and the 
man engine can be thrown out of gear. 

The pumping machinery consists of a compound differential pumping- 
engine, actuating three plunger pumps in a line, one below the other. 

The engine has cylinders 26 in. and 46 in. in diameter respectively, 
with an 8-ft. stroke, making eight double strokes per minute, at which speed 
the pumps will raise 160 gallons per minute. It is worked with steam at 
50 lbs. pressure. 

The total vertical height of 2211 ft. is divided into four lifts, the 
bottom pump being a bucket lift. The plunger pumps are of the con- 
struction shown in fig. 137. These pumps have plungers 8^ in. in 
diameter, covered with gim metal. The valves are double-beat, and are 
also of gun metal. 

A large example of inclined pit-work is to be found at the Linda! Moor 
Mines. The shaft is inclined, but quite straight, having a vertical height 
of 600 ft. in an incline 1000 ft. long. The pump rod is 24 in. square, the 
section being built up of four 12-in. baulks. It runs on rollers, and at the 
bottom, attached to the end of the rod, is a plunger 30 in. in diameter, 
having a stroke of 10 ft. The vertical height of the lift is 600 ft. 

Height of Lift. — As before intimated the possible height of the 
plunger lift has been greatly increased by improved construction of pump. 

The Cornish H piece is very weak in form, and the flap valve is 
unsuited to heavy pressures. 

The modem form of pump is that illustrated in Chap. VI., fig. 120. 
To accommodate this form of pump it is necessary to make an excavation 
in the side of the shaft to receive the valve boxes and the suction tank. 
The only working parts of the piunp standing in the shaft are the plunger 
and plunger barrel. 

If the pit has already been sunk, it is easy to determine what length 
the lift should be, because it is quite practicable to use lifts as high as 
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800 to 1000 ft. with safety. Lifla of over 800 ft have been laigely in me 
for many years. If, however, the pit lias yet to be sunk, then it is a 
question the consideration of which must be governed by the speoial 
circumstanceB of the case. The ayetem of permanent pumping may be 
determined by the selection of the system of sinking. In the Cornish 
system a plunger is needed every 40 fathoms, but by employing two 
sinking pumps, one in advance of the other, a depth of 80 fathoms can be 
accomplished before a plunger is put in; greater depths can be covered 
by specially designed bucket lifts ; such lifts have been used for 300 ft., 
BO that two unking lifts would cover a depth of 600 ft. Temporary 



Fio. 187. — Details of Plunger Uft, Bade, and Connection!, u fixed in the inclined 
■haft iDdicat«d in figs. 135 and 18S. 

steam pomps are often placed in recesses in the side of the shaft during 
the sinking operations, and retained there for emergencies after the com- 
pletion of the pit. Steam pumps are also suspended in the shaft to take 
the place of Sinking lifts. These are questions for the consideration of 
the engineer having a knowledge of the local circumstances. 

Sinking pumps are suspended by rods, chains, wire rope, blocks, or by 
wooden rods. For heavy pump work, steel rods and lowering screws, as 
illustrated in Chap. VL, should be employed. A powerful steam capstan 
is also required for lifting and lowering the pump work and putting it in 
position. It is advisable to have the permanent pit-head gear erected 
before the sinking is commenced. 
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An example of large modem sinking and permanent pumping plant iB 
fully described and illustrated in Chap. YI. 

Backet Lifts for Sinkiiig Purposes. — The Cornish bucket lift is illus- 




Fio. 139. — Doable Beat Pump Valve as used in plunger 
pumps of mining pumps. 

trated in fig. 131 ; it is used for depths of 30 to 40 fathoms. The suction 
pipe is provided with a sliding wind bore, the bottom of which should be 
made very strong to resist the effects of blasting. Wooden plugs are 
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driven into the upper holes, 
where necessary, to keep 
down the level of the water 
in which the men work. 
Another device is that of 
carrying down the suction 
pipe inside the ^ wind bore ' 
nearly to the bottom. The 
wind bore is suspended 
by a pair of blocks, and 
lowered as the ground is 
excavated. When the sink- 
ing lift itself is suspended 
in lowering screws, the 
sliding wind bore is some- 
times dispensed with, but 
it is generally useful to 
have it. The working 
barrel should be made 
much longer than that 
necessary for the stroke of 
the pump; it may then 
be lowered some distance 
whilst at work without the 
bucket coming out of the 
barrel. 

The suction valve box is 
provided with a door-piece 
of sufficient size for easy 
examination and removal 
of the valve and seating; 
while above the working 
barrel a similar door-piece 
is provided for examination 
and removal of the bucket. 
Originally these door-pieces 
were made square with flat 
doors, and for small pumps 
and light pressures the 
design is not particularly 
objectionable, but the 
modem form of door-piece 
is globular with a circular 
door (fig. 138), thus secur- 
ing greater strength. 








Fig. 140.— Suction Valve Seating held in position 
by means of a Weight hanging below. 
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Where clack doors are iised, a safety clack piece is often provided 
above the door-piece, the valve of which can be drawn by means of fishing 
tackle from above, for use in the event of the water rising so fast as to 
prevent the pitman from putting the door in place, as shown in the 
Cornish bucket lift (fig. 131). 

The old plan was to secure the valve seatings in their places by making 
them taper, and winding thick cord around them, or ' gearing ' them with 
leather like that of a bucket. Taper seatings have often given great 
trouble by seating themselves so firmly that rods and screws have been 
required for the purpose of drawing them. Sometimes the seating loop 
breaks imder such strain, and the lift has to be taken out bodily : to 
meet such contingencies the supports of the lift should be so placed as to 
allow the lift to be raised bodily by screws or capstan. For heavy pumping 
it is not advisable to have taper seatings, but to construct them in the 
manner shown in fig. 53, Chap. III. This seating can be drawn by means 
of fishing tackle attached to a wire rope. Various kinds of fishing tackle 
are in use. 

A more detailed plan of keeping the valve seating in place without the 
taper fastening is shown in fig. 140. It will be seen that any tendency 
to rise is resisted by the weight attached to the spindle, also by the 
tendency to cause a vacuum under the weight. 

For heavy pumping a stronger form of valve and box than that shown 
in connection with the Cornish pit- work (fig. 131) is required; double- 
beat valves (fig. 139) are then used. The single-flap and double-flap 
or butterfly valves are less liable to become permanently 'gagged' by 
bits of wood, stone, etc. Special care is needed to exclude gags when 
double-beat valves are employed. With small sinking pumps flexible 
suction pipes are used, and sometimes several suction pipes are attached 
to the same pump, so that more than one pool in the shaft bottom may 
be commanded at the same time. 

Pulsometers are also used as pilots to sinking lifts. 

For heavy pumping it is not generally advisable to have bucket- 
door-pieces of the size necessary for removing the bucket and valve seating, 
because of the great weight and space occupied. The lifts should be 
so arranged, when possible, that head-room is provided sufficient for 
drawing the rods bodily out of the lift by the steam capstan, and then 
a fishing tackle lowered by a rope is used to bring up the valve and 
seating. 



CHAPTER VIII. 

SHAFT SINKING THROUGH WATEB-BEARING STRATA. 

Bailing Tanks. — There are yarious ways of dealing with water in sink- 
ing shafts, and where the quantity to be dealt with is small the difficulties 
are not serious, but the problem how to deal with large quantities economi- 
cally and expeditiously is a matter of some difficulty. 

The actual sinking of the shaft has to be considered in connection with 
the pumping appliances. The space available for the pumping arrange- 
ments is often very limited after sufficient space has been allowed for the 
mining operations. The shaft may have to be lined with tubbing ; these 
and other circumstances, general and local, require consideration. 

Whea the quantity of water is small, it is frequently dealt with by the 
winding engine. The kibbles for raising water (fig. 141) have a valve in 
the bottom which may be lifted by a hand lever for discharging ; or the 
valve may be opened by lowering the kibble on to the discharging trough 
on the top of the shaft. An ingenious form of bailing tank (fig. 142) has 
been used. The tank & is a cylinder with a piston a, and a foot valve, the 
piston being attached to the winding rope, and the tank lowered into the 
water at the bottom of the shaft. The piston descends to the bottom of 
the cylinder when the tank has been lowered, and rests on the bottom of 
the shaft. On the tsmk being drawn up the piston first rises till it comes 
to a stop at the top of the tank. During the rise of the piston, water has 
been drawn in through the foot valve, and the tank is drawn up to the 
surface with the water in it. The water is then discharged by lowering the 
tank on to the discharge launder, where a provision is made for lifting the 
foot valve. Thus the filling and the emptying of the tank is done auto- 
matically. Large bailing tanks are used with special arrangements for 
filling them, such as pulsometers, steam pumps, etc. 

Bailing tanks may be used to raise the water to the surface, or to a 
point in the shaft where pumps have been provided. The water in the 
upper strata may be caught by ring dams or other methods, and pumps 
placed there to prevent the water falling to the bottom of the shafts The 
water thus caught may be dealt with by temporary or permanent pumps, 
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the method adopted bemg governed by the local and special circumstances 
of the case. 

Bailing tank^ are sometimes hung in the shaft, into which winding tanks 
are lowered by the winding engine. The suspended tanks are provided 
with filling appliances, such as pulsometers, steam pumps, etc. The 
arrangements for discharging the winding tanks or kibbles are various ; a 
running platform which is run in over the shaft and under the tank may 




Fig. 141.— Mining Kibble with valve in Fig. 142. —Cylindrical Tank with 
bottom for use in winding water. piston and valves for bailing water. 

be used. The platform forms a discharging launder for the water. This 
is a convenient and safe arrangement. 

Tipping appliances have also been used. 

Professor Galloway has designed special tank appliances for winding 
water, used in unwatering a pit in South Wales. The mechanism and 
the results obtained are described in detail in the Tranmdiorts of iJie 
Federated Institution of Mining Engineers, vol. xiii., from which we have 
derived the following information. 

There are two water tanks in the positions of ordinary winding cages 
provided with wire rope guides. Automatic appliances fill and discharge 
the tanks. One of the tanks is shown at A (fig. 143). 

In the bottom of the tank are fixed two flap valves, opening inwards, 
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aud attached by rods to the levers D D. The filling of the tank is effected 
by simply lowering it into the water in the shaft. On the tank reaching 
the surface, the levers D D come into contact with levers C C (fig. 134), 
to which are attached weights sufficiently heavy to open the valves. The 
tank in this position is ready to discharge its water into two shoots, one 
on each side of tlie shaft. To conduct the water to these shoots, the 
bottom of the tank under the valves is provided with inclined shoots, 



Pio. 141 



Fio. 146. 





Fioa. HS-K6. — QhIIowkj'i Tkok AppliftncM for windiug water. 



which direct the water from the tank to the shoots at the side of the 
shaft, the water leaping over the short intervening space. 

Fig. 146 represents a method of using the same tanks for winding water 
from a tank stispended ia the shaft. 

The tanks with all their mountings weighed about 3 tons each, and the 
weight of vrater carried by each of them was nearly 4) tons. The top of 
each tank was covered by a plate with a rectangular hole in it, just loi^ 
enough for a man to pass through, and the position of this hole was 
naturally such that the rods which connected the levers to the valves 
passed through it. When the tanks arrived at the surfaoe they were full 
to the very brim so long as when lowered they were dipping under the 
surface of the water iu the pit. The necessary labour consisted of three 
enginemen working oonthmously in shifts of eight hours each. In addition 
to the enginemen, two banksmen working in shi^s of twelve hours each, 
and one engine-cleaner by day, were employed 
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The principal work of the tanksroen consisted in counting the number 
of tanks drawn, observing when the ropes required to be lengthened, assist- 
ing in lengthening them, and keeping an eye upon the operations generally. 
The maximum number of tanks drawn was 94 per hour. Allowing 9 
tanks per hour for contingencies, that is, taking 85 per hour as an average 
for 24 hours, the quantity and cost per ton would be somewhat as follows, 
when the depth of the water from the surface was 600 ft. 

Quantity of water raised in 24 hours = 2,040,000 gallons=9107 tons; 
H.P. 257 ; coal consumed at 10 lb. per H.P. per hour, 27 tons 10 cwts. ; 
duty of 1 cwt. (112 lbs.) of coal, 22,254,196 foot pounds. 

Cost pbb Ton of Watbb rajskd 600 ft. 







£ 8. 


D. 


8 Enginemen at Ss. 6d., • 




. 16 


6 


2 Banksmen at 4s. 2d., . 




. 8 


4 


1 Engine-cleaner at Ss. 6d., 




. 3 


6 


27i tons of coal at 6b. 6d., 




. 8 18 


9 


Stores and light, 




. 1 





Hopes, at 0'06d. per ton raised. 


Total, 


. 1 17 


6 




. 18 4 


7 



Or 0-347d. per ton, or 0-259d. per 1,000,000 ft. pounds. 

It will be remarked that the duty does not much exceed one-third of 
that of a fair Cornish pumping-engine, and reached only to about one-fifth 
of that of a very high-class pumping-engine of the most approved type ; 
and, therefore, one would not be justified in resorting to this method of 
raising water for a prolonged period of time. It had, however, the advantage 
of easy application and low first cost. The Cornish engine and pumps 
requisite for the same work would have cost X5000 or £6000, whereas the 
two tanks and their accessories cost only £140. 

Pit Sinking. — Assuming that all the water in the shaft or pit has to be 
delivered from the bottom to the surface (except such water as may be kept 
out by lining or tubbing), we will proceed to consider the methods of deal- 
ing with large quantities of water during the sinking of the shaft. Wind- 
ing the water is impracticable ; it must be done by a system or systems of 
pumping. 

The Cornish system is described in another chapter, but Cornish pit- 
work involves the Cornish system of permanent pumping in short stages, 
a system useful in many cases for metalliferous mining, but not desirable 
when long lifts are practicable. 

In the Cornish system the sinking lift seldom exceeds 200 ft., so that 
the plungers are about 200 ft. apart ; a shaft 1200 ft deep would have six 
plunger pumps, each with a 200 fb. lift. 

The construction of the Cornish pit-work is such that lifts of much 
more than 200 ft. are not practicable. 

The valves are not adapted to high pressures, nor are the valve boxes, 
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or *H pieces,' as they are termed The distribution of metal in the 
design is bad, and even for light pressures the weights are excessive. The 
author claims to have initiated and introduced the system of pit-work 
now adopted for high lifts. 

Valve boxes are made circular and spherical instead of square and 
cubical, thereby obtaining a better distribution of metal, but that 
necessitated quite a new arrangement of pit- work. 

Sinking pumps of large size are now used for lifts which do not 
exceed 300 ft., and plunger pumps with pump rods for lifts of 1000 ft. 
and more. 

We will now consider the problem of sinking a shaft and providing it 
with permanent pumping plant. 

Take the case of a colliery shaft to be sunk to a depth of from 900 to 
1200 ft. In permanent pumping this is not too great a depth for one lift 
either with underground, or surface engines and pump rods. The question 
is how shall we proceed to sink the shaft so that when it is completed it 
may be equipped with modem and approved permanent pumping plant. 
It could be done by the use of the Cornish system of sinking in short 
stages, putting in plunger pumps at each stage, and, on the completion of 
the shaft, erecting the permanent plant in another part of the shaft) and 
abolishing the plant used in sinking. 

A heavily watered mine should be provided with a duplicate pumping 
plant. A convenient arrangement is to have a surface engine with pump 
rods and plunger pumps capable of pumping all the water, and under- 
ground pumps equal to the full work, as reserve power. The underground 
pumps may be either steam or hydraulic. The arrangements for sinking 
the shaft might then be such as are indicated in figs. 146 and 147. Let it 
be required to sink the shaft to a depth of 1200 ft. Sink to 400 ft. 
with the sinking pumps a and 5, then put in the underground pump c. 
The sinking pumps may then be used for the next 400 ft., when the second 
underground pump d would be put in, and so on for the next stage. On 
the completion of the shaft, plunger pumps might be put in as at e, and 
rods carried up to the surface to complete the permanent surface pumping 
plant, the underground plant pumping the water during that time. The 
sinking pumps a and h may be lowered by means of rods and screws, as 
described in detail in Chap. VI. 

To avoid constantly lowering the sinking lifts, pilot pumps may be 
used, the lift pimips being kept supplied by means of tanks. 

Where the shaft is very heavily watered the sinking pumps a and h 
may be used side by side for a depth of 300 ft, and the remaining 100 ft. 
or more covered by the use of pilot pumps. 

Let fig. 147 be a plan of the shaft; then the surface engine would 
actuate pump rods in the space ^, and the space h would serve for the 
accommodation of the steam or hydraulic pipes and rising main for the 
underground engines, the space / being reserved for the winding cages. 
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Sinking pumpo uq Bometimes suspended by means of epear nxls and 
rope blocks, as illustrated in fig. 148. Steam pumpa are also employed for 




Fia. 148. — Binking Buokat Pnmp loipnidad by mekni of lops blooki, 
dnking purposes ; seotioos of a pump of this oUsa are shown in figs. 119 
and 160. 
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Polsometers are also used ; an illuBtration of the ordinary form is 
given in fig. 151, 

The pulBometer is a self-acting steam pump without pistons. It is 
Fio. 140. Fi«. 160. 



Fios. 149 &nd 15D-— CsmeroD Sintiing pQmp. 

Uie old Savery engine, fully deeoribed and iUuBtrated in Chap. I., made 
automatic and portable. 

Because of its portability and handiness it is useful for all kinds of 
temporary work. The consumption of steam for work done is very great 

Referring to the illustration, fig. 151, A A are two Tessels alternately 
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filled with water and diBoharged. E E are the suction and F F the delireiy 
ralTea. S is the steam pipe from the boiler, and G the auotion pipe for tfae 

Steam is aasumed to be coming the direction of the arrows into one 
of the Tesaela marked A and to be forcing the water through the deliver; 
valve F into the deliver; pipe ; at the same time water is coming from the 
suction pipe into the other veasel A, a partial vacuum having been obtcuned 
by the condensation of the steam. On the complete, or nearly complete. 



Fid. 151. — Section or PntgometeE. 

filling of this vesael, the valve I is forced over bo as to close the 00m- 
munioation with the vessel which has just been discharged and admitting 
steam to Uie vessel which has just been filled. The action has thus been 
reversed, and the operation goes on automatically, one vessel filling whilst 
the other is emptying. 

The choice of plant and appliances is largely influenced by the 
magnitude of the work, and by local circnmstances. 
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FiOB. 1E3 ami IE8.— ScetJoDi of Shafts— Zt^un OoUiaij. 
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As an example of a heavily watered pit, and the diffioultiee met witli 
in dealing with the water, we have taken the following deecription of the 
methods employed at the Zollem Colliery, Westphalia, from a paper bj 



ScaU I U> 5i 

Fios. 151 uid 16S.— Section* of Shaft Tnbtnng— Zollem (JollUiy. 

Ifeasrs T. and W. Uulvaney in the Proceedingt of the Ituiiiution 0/ 
Mec/ioaiedl Engmtera, 1882. 

"1q this oollieiy, situated near Eirchlindc, and containing 3000 aores, 
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two shafts were commenced by the original company, much nearer to the 
southern outcrop of the marl formation than in the collieries previously 
described. In consequence, the thickness of the marl is only 351 ft. to 
the surface of the coal measures, which at this point is only about 49 ft. 
under the level of the sea. 

"This position of the shafts had the disadvantage of being nearer 
to the supplies of water from streams on the surface, from one of which 
the writers subsequently discovered water flowing regularly into the marl, 
which is more fissured and broken near the outcrop. 

" Though the site, for the reason above stated, and also as regards its 
position in the colliery itself, was not well chosen, yet the plans of the 
colliery buildings, boilers, machinery, etc., were on a very large scale, and 
the boilers and engines powerful and good. The former company are 
believed to have conamenced work about 1856, by sinking two large round 
shafts, 24 to 25 ft. in diameter, intended for brick walls of great thickness, 
as at that time applied by German mining engineers for damming back the 
water. These shafts were sunk to the level of the first water feeder, which 
was met at about 182 ft. from the surface, or about 139 ft. 6 in. below an 
adit which had been constructed for carrying off the water from the pumps. 

"The general section (fig. 152), and the enlargement of the bottom (figs. 
154 and 156), show clearly the condition in which the writers found both 
shafts as sunk down to feeder No. 1 ; and figs. 155 and 157 show the 
manner in which they finished them, down to the feeder No. 2 in shaft 
No. I., and to the feeder No. 1 in shaft No. II. This latter shafts as 
mentioned below, they subsequently completed down to its present depth 
of 943 ft., for ooalwork, pumping, and ventilation. 

"It will be seen from the plan in fig. 152 that in shaft No. I. the 
Qerman engineers had ten sets of pumps firmly built into the shaft, with 
an enormous mass of timber framing ; according to the system of that time 
the wind'bores were movable, or telescopic, so that they could be removed 
on firing shots or changing ; and the pumps were lengthened by common 
pump pipes (each one lachter, or 6 ft. 10 in. in length) added on below in 
the shaft. Thus the space, even in these shafts of such great dimensions, 
was so encumbered with timber as to render sinking, even with moderate 
quantities of water, a very slow, expensive, and difficult operation. The 
writers have little doubt that when the feeder No. 1 was first met with, 
and even before it was widened out by the constant flow of water, it mus' 
have yielded 600 cubic fb. per minute. Under such circumstances, and 
with the inability in some of the pumps to change either buckets or clacks 
for packing, at the surface, it is only wonderful that the engineers succeeded, 
even in course of time, by continuous pumping and partially exhausting 
the feeder, in sinking the sump, and in preparing, as shown at bottom in the 
section (fig. 152), the foundation for the great walling below the first feeder. 

"In April 1867 the writers, having acquired the colliery, commenced 
preparations for recovering shaft No. I. They encountered great difficulties 
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in the commenoement ; but by h&nging in one large set of pumpe, 33 in. 

diameter, the; so far lowered the water as to enable them to tftke out the 

Pio. 166. 



Flos. IGS uid 197.— Section of Sh&ft sliowiiig suction pipM of sinldng lifti— 
Zollem Collier;. 

German pumps and timber, and then to hang in other large Beta of 18 in^ 
19 in., and 20 in. diameter, as hereinafter mentioned, and aa shown in fig. 
143 ; and bj 30th Kovember 1667, after wedging off part of the supply of 
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water coming from the horizontal cleft or fissure, they were enabled to 
commence cutting out the foimdation for the wedging cribs, designed for 
the tubbing of a shaft 17 ft. 6 in. diameter. They adopted this dimension 
as that most suitable, according to the ertensiYe experience they had 
obtained in the opening out of such large coal-fields, where the coal formation 
with its numerous beds is likely to reach 2500 or 3000 ft. depth below 
the surface. 

'' This size of shaft compelled the writers to cast, at their ' Yulcan ' 
Iron Works on the Rhine, tubbing and wedging cribs of proportionately 
increased dimensions and thickness, and of improved construction with 
greater width of flanges. This caused some delay ; but though over 600 
cubic ft. of water per minute was being pumped from the first feeder in 
shaft No. I. (this water coming through the crevices left by the rough 
wedging in the fissure), the tubbing of the upper lift above this first fissure 
was set and completed up to the level of the delivering drift by 6th March 
1868, as shown in fig. 154. 

''On further sinking shaft No. I. to the second feeder, it was found 
that there was such a connection between the feeders in the two shafts 
that it was advisable and economical, both as to time, cost, and application 
of steam power, to pump the water and carry on the operations in both 
shafts together. 

"Accordingly a direct-acting 72-in. cylinder engine of 11 -ft. stroke was 
erected over shaft No. II. ; a Cornish beam-engine, 84-in. cylinder and 
about 10-ft. stroke, at shaft No. I. ; and lastly, a horizontal winding-engine 
of 42-in. cylinder and 6-ft. stroke, between the two shafts, working with 
lay spears and quadrants into both shafts. By this means the writers 
were enabled to work together nine sets of pumps, as follows: — 



2 sets of 82 inches diameter. 


2 „ 21 


f> 11 


2 „ 19 


»i If 


2 ,. 18 


>f >i 


1 „ 16 


>> If 



"With these they pumped out of the two shafts 1200 cubic ft. per 
minute of the water which escaped through the wedging of the natural 
fissures in the marl, and completed the closure of the tubbing for the first 
feeder in shaft No. II. on 9th August 1868, as shown in fig. 157 ; and for 
the second feeder in shaft No. I. on 15th November 1868, as shown in 
fig. 155. 

"In the winter of 1868 further operations were suspended, owing to the 
want of a railway, which had been long previously agreed upon by the 
Cologne and Minden Railway Company, but not constructed. This sus- 
pension continued for the same causes until 1870, when, to ascertain what 
further feeders were to be expected in sinking shaft Ko. II., the writers 
had a boring carefully made a little to the west thereof. This boring gave 
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reiy precisely the pooitiona and probable dimeuBionB of the water-bearing 
fiBauree, which they might expect to meet in unking the shaft to the coal 
measureB ; and these indications, upon the subsequent sinking, proved to 
be oorreot. 

"The railway company still failing to oonstruot the branch railway, the 
writers were at last forced to construct, at their company's expense, a hoise 



tramway along the public road from Zollem to Hansa Colliery, and ink- 
ing operations were recommenoed in shaft No. II. in August 1871. Four 
more feeders, Nos. 2 to 6, were sunk through and tubbed ofi suooesafully 
to the depth of 292 ft before the end of March 1872, and all water was 
BO completely shut out that the remainder of the shaft-sinking and walling 
to the net diameter of 17 ft 6 in. was carried out, first to the coal 
measures at the depth of 367 ft, and then to the present bottom at 943 ft, 
without any pumps whatsoever in the shaft. 
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" The quantities of water shut out by the several lifts of tubbing were 
carefully measured aa foUowB • : — 
Down to, uid inolnuTa of, tb« fint four feeder*, . . 1160 cqb. ft. per min. 

The fifth feeder, 160 „ „ 

The aizth or lowett feeder, 100 ,, ., 

ToUl . . HIO „ „ 

This total is a quantity of water rarely met with in shaft-einking i but it 



Fio. IBB. — Unwataring Flooded Colliery — Suipending Bucket Lift* ehowing pUn 
of aheft >Dd pumping quftdrsute. 

was shut out so effectually in this large shaft aa to enable it to be com- 
pleted to the bottom without pumps, 

"The connection to a railway was not made until 1879, up to which 
time only preparatory work could be carried on in opening out the colliery 
from the shaft ; hut since then tbe pit has been continually worked, pro- 
ducing now about 750 tons of coal per day, and with very little water to 
* Iq all cues the quantities of water were actnallj meaaured at an oTerSow weir, in 
a waterconrae cODitracted for tbe purpose. 
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pump. It is worked entirely through the single shaft No. II. ; but at an 
early period a eecoud shaft must be completed." 

Unwateriag a Flooded OolUery.— The following illustrations (figs. 15S 
and 1S9} represent the plant used by the author for unwatering a flooded 
colliery and sinking it deeper, the plant being so designed that when 
completed it formed the permanent pumping plant of the mine. 

A general view of the surface of the mine after the completion of the 




Fic. iao.~Unw»tering Flooded Colliery — QoDenl Arrangement of Plunger Lifts 
showing position of sinkiog lifM for deepening the shtn. 



plant is given in Plate VI., Chap. TI., the engine-house and pit-head frame 
being clearly shown. 

The colliery was formerly drained by means of underground steam 
pumps invoWing a very great consumption of stMm, and causing great 
incoDvenienoe by the exceBaive heat in the workings. A sudden inburst of 
water oTertaied the power of the pumps, and the colliery became flooded. 
The shaft was 300 ft deep, aud at that level the workings existed ; it was, 
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honever, required that the ahaft, after reooverj, should be sunk to a depth 
of 120 ft. more 

The problem presented was that of getting out the water and deepening 
the ehafb with plant which might reauun as permanent plant. It was 
decided that four 24-in. pumps should be provided to oope with ths 
water in unwatering the mine, and it was evident that bucket lifts were 
the only suitable pumps under the oiroumstances, but bucket lifts had not 
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^wm^^'ii^'i^ 
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Plan of Shaft 



Fio. 161. — TJnw&tsriiig Flooded Collierj— PUd of ahstt, with details ot pomp roila. 

been used of that size for such a high lift aa 300 ft. ; hence, if used for 
that lift, the design required special attention. 

The plan adopted was that of having four 24-in. bucket lifts each 
300 ft. long, and each of the four capable of reaching to the bottom of the 
shaft. 

The pumps were suspended from a strong pit-head fnune shown iu 
fig. 158 by means of rods and screws, and were lowered into the shaft 
through the nater to the full depth, and whilst bo suspended were con- 
nected by means of quadrants F F to two compound differential engines, a 
pair of pumps to each engine. The engines had cylinders 45 in. and 
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76 in. in diameter and a 10-ft. stroke, the pumps haying the same stroke 
as the engine. 

The water was pumped away till the bottom of the shaft was reaohed. 

It was then found that one of the engines with its pair of pumps was 
capable of pumping all the water coming from the feeders. 

Plunger pumps had been provided for the permanent pumping. 
Whilst the water was kept down by the one engine, a pair of plunger 
pumps (figs. 160 and 161) were put in at the bottom and coupled up by 
means of wooden rods to the other engine. When that was done and the 
plungers put to work, the other engine was stopped, the bucket lifts taken 
out and plungers put in their place, thus completing the permanent plants 
which consisted of two pumping-engines, each provided with plunger lifts. 

The permanent plant was now extended to the bottom of the shaft 
The shaft had then to be deepened by 120 ft. more. The bucket lifts were 
now available for the purpose. The general arrangement of the pumps 
and the details of rods, etc., are clearly shown in figs. 159 to 161, and need 
no further description. 

It may be observed that the rising main is larger than necessary, but 
as a matter of economy the rising mains of the bucket pumps were utilised 
as rising mains for the plunger lift& 

It will be seen in fig. 159 that the suspending rods for the bucket lifts 
were attached to a steel beam centred under the snore pipes B B. 

The object of this arrangement was to insure strength, not trusting to 
a cast-iron connection, and at the same time to insure equal tension on the 
suspending rods. 

After the un watering was accomplished, and the lifts became short sink- 
ing lifts, telescopic snore pipes D D were made to take the place of snore 
pipes BB, and the suspending rods were attached to lugs EE already 
provided on the sides of the suction valve boxes. Doors for the con- 
venience of examining the suction valves and removing gags are 
shown at CG. 



CHAPTER IX. 

HTDRAUUC TBANSMISSION OF POWER IN MINSS. 

Explanation of the Principle. — Hydraulic transmission of power in 
mines is becoming largely employed, especially for pumping. For that 
purpose it is very conveniently applied, as the natural speed of water- 
pressure engines is about equal to that of the pump ; the engine may 
therefore be connected directly to the pump rod without the interven- 
tion of any mechanism. Where a natural head is available, then water- 
pressure engines, such as are illustrated in Chap. XI., may be employed, 
but the power may be obtained from a prime mover such as a steam 
engine, and it is that form of transmission which we now propose to 
discuss. 

A simple form of hydraulic transmission is illustrated by the diagram 
(fig. 162). 

The steam engine A gives motion to the piston of the water cylinder 
B, the ends of which cylinder are connected by pipes to the ends of a 
similar water cylinder C. The piston of the cylinder C is attached to 
the rod of the pump D. If the cylinders B and C with their connecting 
pipes are filled with water, and the piston of the cylinder B is moved 
backward and forward by means of the steam engine A, theu as water is 
practically incompressible, the piston of the cylinder C will partake of 
the same motion. The piston C will in its turn communicate its motion 
to the piston of the pump D. By this arrangement it will be seen that 
the piston of the pump partakes of the same motion as the piston of the 
steam engine, one stroke of the steam engine producing one stroke in 
the pump. The connecting pipes between the cylinders B and C may be 
of considerable length, so that the steam engine may be on the surface of 
the mine, whilst the pump is at the bottom. When it is advisable to 
run the engine at a higher speed than that of the pump, gearing is 
introduced between the engine A and the cylinder B. This is known 
in this country as Moore's system, but the principle is an old one. 

It will be seen that any leakage of water from the stuffing-boxes, pipes, 

or pistons of the cylinders B and C, or any leakage in the connecting 

174 



HYDRAULIC TRANSMISSION OF POWER IN MINES. 1 75 

pipes themselves, will alter the relative positions of the said pistons, with 
the result that the pistons may strike the covers with such force as to 
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Fio. 162. — Hydranlio Pumping— Water Rod System of transmitting power from the 

sarfitce to a hydraulic pump at the bottom of the mine. 
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cause a breakdown of the plant. It therefore becomes necessary to intro- 
duce a deyice by means of which the relative positions of the pistons 
may be maintained. That is done by an arrangement of tappets and 
valves so designed that when either piston moves beyond its normal stroke 
a valve is opened, allowing some water to pass from one side of the 
piston to the other. It will be readily seen that the system is only 
applicable to the working of one pump, and that when applied for mining 
purposes there are three pipes in the shaft — ^two power pipes and one 
rising main from the pump. 

In practice, small power pipes working under high pressures are 
employed, and the power cylinders and pumps, instead of having pistons, 
are provided with plungers. The diagram is only intended to illustrate 
the principle. 

Its Application at Saarbrticken. — ^This system was adopted in a mine 
at Saarbriicken about thirty years ago. 

The mine was 306 yds. deep below the surface. The motor consisted 
of a double-acting horizontal high-pressure engine having a cylinder 53 
in. in diameter, and a stroke of 61*5 in. The piston-rod was continued 
through both covers, and connected at each end with a plunger 9 in. in 
diameter. The hydraulic engine underground consisted of four pressure 
cylinders having rams arranged in pairs, and connected by a crosshead. 

Each plunger was 6 in. in diameter, with a stroke of 66 in. 
Between each pair was placed a pump plunger. The pressure column 
consisted of cast-iron pipes 5 in. in internal diameter and 1^ in. thick, 
put together in 10-ft. lengths. 

The working pressure at the hydraulic engine was 1150 lbs. per 
sq. in. For the sake of regularity and safety in working a special 
safety and filling valve was placed on each pressure pump at the surface, 
consisting of a chamber with an auxiliary feed valve, a safety valve, and 
an air-escape valve, which were in connection with a closed cistern on 
a higher level, kept constantly filled with water. In setting the engine 
to work, difficulty was at first experienced in adjusting the relation of 
the stroke of the pumps underground to those above. To effect this a 
magnetic telegraph apparatus was used, and signals were transmitted, 
until the two engines were in proper relative positions. 

When first put to work the speed did not exceed six double strokes 
per minute, the speed of the surface and undeiground engines being, of 
course, both the same, but after some time the speed was increased to 
from ten to twelve double strokes per minute, and experiments were then 
made to determine the efficiency. 

It was found that 25 per cent, of the work was absorbed in friction, 
and that the consumption of coal was at the rate of 22 lbs. per H.P. 
per hour. 

The effective work of the pumps when making 10 strokes per minute 
was 100 H.P. 
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It appears that the engine was worked uon-expansiyelj, which partly 
accounts for the high consumption of coal. 

The difl&culty of keeping the plant in proper working adjustment, 
and the impracticability of working more than one pump from the surface 
engine, have been against the system, and although the plant was erected 
thirty years ago, the application of the system has not increased to any 
great extent. 

The total cost of the plant was £5550, or, including erection, £9117, 
which is at the rate of £55*5 per H.P. for plant alone, or, including 
erection, £91 per H.P. 

Working Results of tJis HpdratUio-rod Pumping-Engine ai Soar- 
brucken, — This is a sequel to a former memoir on the same subject, giving 
an account of the results obtained by the engine in continuous work. The 
speed has been increased from six double strokes per minute to twelve 
without difficulty. 

In order to observe the working pressure upon the different parts of 
the engine, live pressure gauges were used, placed as follows: — One at 
the bottom of the rising pipe, and two on each of the rod tubes, one at 
the bottom and the other at the surface below the point of attachment 
of the press pumps. The readings of these gauges have been plotted in 
the manner of indicator diagrams. These diagrams are supposed to be 
correct within a margin of 1 or 2 atmospheres, and are the best obtain- 
able in the absence of an indicator capable of working under pressures 
of 80 atmospheres and above. In the rising pipe the pressure was 
very steady, and varied only between 26 and 28 atmospheres, the 
change being sensible only at the beginning and ending of the stroke. 
In the rod tubes underground the variation in pressure was marked by 
extreme regularity and precision. When the pressure piston was making 
the return stroke, the gauge indicated uniformly 35 atmospheres; 
it then rose during the cataract pause with a vibratory movement to 
about 78 atmospheres, which remained the normal pressure to the end 
of the working stroke, when it fell with corresponding oscillation back 
to 35 atmospheres. There was little difference in the maximum pressure 
between the north and south rods, the latter indicating up to 80 atmos- 
pheres, this difference arising from the load not being quite uniformly 
distributed between the two pumps. The oscillations of the gauges at 
the surface were somewhat greater; near the end of the return stroke 
the pressure rose to about 15 atmospheres, increased during the cataract 
pause to 30 atmospheres, and on the commencement of the forcing action 
of the plunger suddenly rose to 50. This pressure was maintained, 
regularly till close upon the end of the stroke, when it fell rapidly through 
30, 15, 10 atmospheres to 0. In some cases even a negative pressure 
was observed when, through loss of water in the tubes, a partial vacuum 
was formed, owing to the waste not being made up quickly enough by 
the auxiliary feed valves. The Velocity of the column of water in the 
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pressure tube was 7*6 ft., and in the rising pipes 3*6 ft. per 
second.* 

AmiBtroiig's Method. — The ordinary system of hydraulic power trans- 
mission invented by Armstrong for working dock machinery consists of 
pumping water by means of a steam or other engine under high pressure 
into pipes from which the water is taken to work the machinery requiring 
the power. To compensate for the varying demand for power, Armstrong 
applied what is termed an 'accumulator/ which consists of a large 
weighted plunger in a vertical cylinder in constant communication with 
the power pipes. The rise of the weighted plunger or accumulator was 
also used to regulate the speed of the steam engine employed to pump 
the water under the accumulator plunger, in such a way that when the 
demand for water ceased, and the accumulator became fully charged, 
the power engine was stopped by the closing of the steam stop valve. 
When the demand for power recurred, the falling of the accumulator would 
open the steam valve and the engine would again start into motion. 

Davey'B Modification. — A modification of this system is peculiarly 
applicable to mines where the pumps are situated some distance from the 
bottom of the shaft, and also where the ordinary surface pumping-engine 
is not applicable, or where it is undesirable or uneconomical to take steam 
down into the mine. The following illustrations (figs. 163 and 164) 
represent hydraulic plant, designed by the author for a colliery where 
the ordinary systems of pumping were, owing to local circumstances, not 
applicable. 

The general arrangement consists of a compound condensing steam 
engine on the surface employed to pump water under a pressure of 
1400 ft., and thereby made to actuate hydraulic pumps xmderground. 
The water is conveyed by a power pipe to the hydraulic pumps in the 
mine, and is returned to the surface, where it is used over and over 
again. By this arrangement clean water is used to avoid excessive wear 
and tear of the hydraulic engines, which would take place if they were 
worked with the dirty mine water. The rising main from the pumps is 
taken up the shaft and made to discharge through an adit level. As the 
power water is used over and over again, a little oil may be put in it for 
the purpose of lubricating the working parts of the power pumps and 
hydraulic engines. 

The oil should be free from acid, otherwise the steel and iron working 
surfaces will become pitted. 

In this system of pumping, nothing is required in the nature of an 
accumulator of power, as the work done is constant. 

All that is required is a constant pressure in the power pipes, and that 
is secured in this case by the employment of a steam accumulator or 
regulator, shown in section in fig. 165, and also in elevation in fig 164. 
The steam accumulator or regulator consists of a plain steam cylinder 

* Proceedings Inst, of OivU Bngineers, vol. xliii. 
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having a piston, the rod of which is attached to a plunger working in a 
hydraulic cylinder in communication with the power pipes. The front 
end of the steam piston is in communication with the atmosphere; the 
back end is connected by means of a pipe to the main steam pipe, so that 
the boiler pressure is maintained at the back of the steam piston, and the 
relative areas of the steam piston and hydraulic plunger are such as to 
maintain the required pressure in the power pipes. 

The steam condensed in the cylinder is automatically drawn off by 
means of a steam trap.. Variations in the supply to, and the draught 
from, the delivery pipe are compensated for, and a constant pressure 
maintained by the movement of the steam accumulator plunger. In 
ordinary working the variations are small if care be taken to so desigpi 
the power pumps and power engines that the former supply and the latter 
take nearly a constant stream. That is secured by making the power 
pumps double-acting, coupled by means of cranks at right angles, or by 
the use of three plungers, and by making the hydraulic engines on the 
duplex plan. Fig. 164 is an elevation of the engines, power pimips, and 
accumulator, partly in section. 

The following are the chief dimensions : — 



High pressure cylinder, 


80 in. diameter. 


Low pressure cylinder, 


60 in. diameter. 


Length of stroke, .... 


. 8 ft. 


Number of strokes per minute, 


. 28. 


Diameter of power pump plungers, . 


. 7Jin. 


Stroke of pumps, .... 


. 8ft. 


Pressure at the power pumps, 


. 1400 ft 


Diameter of steam cylinder of accumulator, 


. 40 in. 


Diameter of accumulator plunger, . 


. 12 in. 


Length of stroke, • . • . 


. 4 ft 



The hydraulic pumps have power plungers lOf in. in diameter, and 
pump plungers 18^ in. in diameter, with a stroke of 6 ft., all double-acting. 

On the completion of this plant, a careful experiment was made as 
to the efiBciency of the whole system. 

During the trial the work done by the pump in raising water repre- 
sented 124 H.P., whilst the steam engine indicated 229 H.P., thus giving 
a total efficiency of 54^ per cent. This includes the small amount of work 
done by the engine in lifting the condensing water to a cooling pond. 
The cost of the machinery and pipes was £5430, and the total cost 
of the whole plant erected at Marseilles, including all the shaft work, 
excavation of chamber for hydraulic pumps, buildings, cooling pond for 
condensing water, and all other items, came to £8630. 

If the engine is worked to its full power, it will indicate about 
300 H.P., so that the total cost of the installation comes to £29 per I.H.P., 
or just over £50 per actual H.P. in work done. 

M. Eugene Biver, the engineer of the colliery, carried out a very 
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exhaustive set of experiments with this plant, the results of which were 
published in Le Oenie Civil, 1885, p. 81. An abstract of his report, taken 
from the Minute$ of Proceedings of the Inst, of GivU Engineers^ is here given. 

" This pumping-plant erected at Shuillier, Fuveau, by the Soci^t^ de 
Charbonnages des Bouchee-du-Rhdne, was designed to complete the draining 
of the Castellare-Leonie section. 

" The question to be solved was : — Given a shaft already encumbered 
with mining plant, with two forcing pumps 20 in. and 16^ in. in 
diameter, with wooden pmnp spears, beams, guides, ladders, etc., to double 
the power by means of apparatus occupying as little space as possible, 
giving a higher dynamic efficiency, and in no way interfering with the 
existing machinery, which was to preserve the galleries from being 
inundated during the installation of the new engine. 

'' Other circumstances added to the difficulty of the problem. At the 
pit-mouth, on the surface, was a Bull engine with its cylinder placed 
vertically over the pit, also a platform and a winding engine. In short, 
the new installation was not to interfere in any way with the existing 
machinery, or with the future deepening of the pit. 

" The first scheme proposed was the installation at the bottom of the pit 
of a direct-acting rotative engine, taking steam from boilers on the surface, 
or from a battery of boilers near the engine in the mine itself. In the 
first instance, the result must have been considerable condensation and 
heating of the pit ; in the second, defective installation of the boilers. 

" Each case required a room beyond the reach of the water, but this 
condition could not be fulfilled, and it was necessary that the pumps should 
be capable of working under water. Messrs Hathom, Davey & Co. being 
consulted, proposed the transmission of power to the pumps by water, with 
pressure engine on the surface, and hydraulic pumping-engines at the 
bottom of the pit. 

" Like installations had been adopted imder similar conditions at the 
mines of Mansfeld and at SaarbrQcken. 

'' The installation may be defined as follows : — An economically working 
compoimd steam engine, forcing water at 42 atmospheres by means of two 
double-acting plunger pumps. At the bottom of the pit^ duplicate 
hydraulic pumps, both worked from the surface engine pressure water pipe, 
and a return pipe, also a delivery column from the hydraulic pumps to the 
draining gallery of the mine. The top of the pit is 292-805 metres (950 
ft.) above the sea-level. The draining gallery is about 60 metres lower, 
or 232*820 metres above the sea-level; the situation of the hydraulic 
pumps, 140 metres. The total elevation of the water is therefore 
232-820 - 1 40 = 92-820 metres, or in round numbers 305 ft 

" The work to be done was raising 7700 litres (1694 gallons) per minute. 

60x70 
" The motive power engine is of the compound type, having two hori- 
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zonted ojlinders with an intermediate receiver and oranks at 90^. The 
motor is calculated to supply 2357*7 litres of water per •minute to the 
hydraulic engines at the bottom under an effective pressure of 42 atmos- 
pheres. The high-pressure cylinder has a diameter of 0*762 metre 
(30 in.), the low-pressure cylinder a diameter of 1*270 metres (50 
in.), with a stroke of 0*914 metre (36 in.). The pistons are con- 
nected to a double rod, the front rod ending with the crosshead of the 
engine, the back rod connected to the plimger rod of one of the forcing- 
pumps. The front rods are 0*120 metre (4*72 in.) in diameter, and 
the back rods 0*080 metre (3*15 in.). 

" The forcing-pumps at the surface are two in number, and exactly alike. 
The plunger of each is attached to the piston of the motor. The effective 
surface of the plunger is equal to the difference of the area of the plunger 
and the rod — that is, S » 234*752 centimetres. 

** The capacity created by a full stroke is — 

0*023475 X 2 X 0*91 & = 42 -9 litres. 
For both plungers = 85*8 „ 

" The water necessary for the normal fted to the hydraulic engines must 

be 2357*7 litres (519 gallons) per minute. 

" The number of complete strokes per minute with the steam pistons 

2357*7 
will be Qg,g =27*5, corresponding to 27*6 revolutions of the fly-wheel. 

Between the two engine foundations, and in a line with the fly-wheel, is 
the steam-accumulator or regulator, in direct communication with the 
forcing main. The two steam cylinders, though neither of them is steam 
jacketed, are joined by a casi-iron pipe 10 in. in diameter, forming the 
intermediate reservoir, and connecting the valve chest of the large cylinder 
with the exhaust of the small cylinder. The capacity of the reservoir thus 
formed is 640 litres. 

" The relative volumes formed by the pistons in the two cylinders is 
1-2*8. The cut-off in the large cylinder is fixed, and corresponds to an 
angle of 110*. 

" The low-pressure diagram shows that the cut-off is equal to 1*09. It 
may therefore be neglected. The small cylinder is provided with an 
expansion gear variable by hand. The speed of the engine on the surface 
must be regulated to suit the speed of the hydraulic pump tinderground. 

'' As the work underground is continuous it must therefore be continuous 
on the surface. There must be no reservoir of work, such as is charac- 
teristic of the Armstrong system. An accumulator with such a reservoir 
of work would not allow the engine on the surface to determine the speed 
of the hydraulic pumps undergromid ; that it should be so was a necessary 
condition, because the hydraulic pumps have sometimes to work imder 
water. To render the action constant the apparatus called a ' regulator ' 
is introduced. In similar installations in America, the Davey apparatus 
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includes not a regulator, but a simple reservoir of air. This gives 
excellent results in working, but has the following disadvantages : — 
1st. Its size must be considerable. 
2nd. It must have a large and considerable supply of air. The 

density increases with the pressure. 
3rd. The bursting of this large reservoir, containing a pressure of 
60 atmospheres, would cause a great explosion. 

" The steam regulator is composed of two cylinders and of two pistons 
mounted on one rod. In the first cylinder the back surface only of the 
piston is subject to the action of steam. 

« The motive water in the pressure pipe enters the second cylinder, and 
acts on the piston in an inverse direction to the steam. The areas Q and 
<i> of the pistons are calculated, of course, to satisfy the equation /Q » F10, 
f and F being the respective pressures of steam and of the water in the 
pipe. This apparatus is very sensitive. It serves as regulator for the 
compound motive power engina The piston rod of the regulator is con- 
nected directly to the throttle-valve of the engine. In case of the breaking 
of the pressure column of water, this safety apparatus prevents all further 
accident. The steam regulator offers, from a practical point of view, other 
advantages. The effective pressure of the water in the supply pipes may 
be varied by simply adjusting a reducing valve in the steam pipe supplying 
the steam accumulator. 

" The engines at the bottom of the pit are twin engines, motors and 
pumps working with a pressure of 42 + 15 atmospheres, and with the 
return water at a pressure of 15 atmospheres (corresponding to the 
difference of the level between the forcing pumps on the surface and the 
engines at the bottom — that is, 153 metres). The hydraulic pumps raise 
the water from 140 metres to a height of 232*82 metres to the draining 
gallery. The delivery per minute is 7700 litres — that is, 462 cubic 
metres (101,640 gallons) per hour. The stroke of the pumps is 1'829 
metres (6 ft.). The diameter of each pump plunger is 0*463 metre 
(18^ in.), the diameter of the rod being 0'102 metre (4 in.). To 
deliver 7700 litres per minute, the two pumps must therefore make 6*4 
complete strokes. The corresponding speed of the piston per second is 
0*39 metre (15*6 in.). The difference of area is 0-0503642-0*035200'» 
0015164^ metre. 

" Trial of the Engines. — The diagrams taken at the time of the trial — 
29th August 1884 — show considerable variation in the pressure of water 
at different points of the circuit. 

" On the surface the variations are more felt in the pump worked by the 
piston of the small cylinder than in those which are worked by the large 
cylinder. According to the diagrams the maiimum oscillations correspond 
to variations of 35 to 54 kilogrammes per square centimetre (500 to 700 
lbs. per sq. in.). 

** At the time of the trial, the water pumped from the mine was not 
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considerable, the fly-wheel of the compound engine making only twentj- 
two revolutions per minute, corresponding to a delivery to the pressure- 
pumps of 1887 '6 litres per minute. 

''Each full stroke of the hydraulic engines at the bottom consumes 
3 68 '40 litres of motive water ; the number, then, of double strokes of the 
underground pumps must be 

" Five strokes only were recorded ; the remainder was lost by the stuffing 

boxes, distribution valves, etc. The corresponding delivery of the pump was — 

1201-80 I X 5=6009 litres per minute. 

" The effective work in water raised was then 

100*15 kilogrammes x98 metres — 
9318*95 kilogramme metres =124*20 H.P. 

" According to the diagrams the total work done by the steam pistons was 

Tm=229*20 H.P. 

Since the useful work was 

Tm=124-20H.P. 

^ =0-542 =54 -2 per cent 

"The work of the air pump in raising the condensing water to the 
cooling pond (an amount of work which slightly increases the efficiency) 
is not taken into consideration. 

" The Directors of the Soci^t^ de Charbonnages des Bouohes-du-Rh6ne 
intend to make use of the installation for working, independently of the 
pumps described, some underground hydraulic motors. 

" It will be only necessary to increase the number of strokes of the oom- 
poimd engine on the surface to provide a larger volume of water under 
pressure, from which it will be possible to work additional pumps in the 
' dip,' and also hauling engines. 

"For hauling, rotative hydraulic motors, with two cylinders, having 
cranks coupled at right angles and valves worked by means of eccentrics, 
will be employed. 

" The cost of the installation was as follows : — 

Francs. 
Surface engines, compound engine, and forcing pumps free 

on board in London, ...... 87,086 70 

Hydraulic engines at the bottom transport, marine insurance, 87,415 95 

Loading and unloading, ...... 13,818 26 

Cast-iron pipes (61,997 kilogrammes), and transport, . 85,782 12 

128,548 08 

Total cost of whole installation, . 215,771 20* 

Or say. £8628." 
* Proc. Ifut, OivU EnffineerSf yoL Ixzziv. p. 518. 
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Later Improvements. — Since this plant was erected, coosiderable 
improvements have been made bj the adoption of higher preasures, and 



Flo ISS.— HydnuUc Pnmplng Syatem of transmitting power from the surbc« to 
hfdmilia pnmps litiuted. at the bottom of the mine. 
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improYements in details have enabled higher speeds to be obtained both in 
the power engines and hydraulic pumps. 

By the use of higher pressure the loss from friction in the pipes is 
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reduced. For a given velocity the friction is not materially increased by 
increased pressure, therefore with higher pressures the friction becomes a 
smaller percentage of the total power produced. Pressures of 4000 lbs. 
per sq. in. at the power pumps have been employed, which involves, of 
course, a greater pressure at the bottom of the mine. It must^ however, 
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be remembered that ae the power water ia returned to the power engines, 
die hydraulic enginea |aotuating the pumpt work with a back pressure. 



The effeotive pressure is therefore that produced by the power pumps 

minw the Motion of the water in the supply and return pipes. 

The higher the pressure, the greater the loss from leakage through 
the valvee of the power and hydraulic engines, and the employment 
of very high pressures such ss 4000 lbs. per sq. in. makes it 
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neceasaiy to oooBtruot the power valve boxes of wrought steel, and 



Flo. 170. — Duplex Hydraalio Fnmp. 
the workmanship must be of the highest cUss. With pressures up to 
1000 lbs., ordiuar; materiab and oidinary valve arrangements may be used. 
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The gross power transmitted through a 6-m. pipe with 1000 lbs. pressure 
would be 254 H.P. In the ordinary application of hydraulic pumping in 
mines the efficiency of well-designed plant should be 60 per cent. — that is to 
say, the work done in pump H.P. should equal 60 per cent, of the I. H.P. 
of the steam engine. The actual H.P. transmitted through a 6-in. pipe is 
thus 152. 

In two or three Westphalian collieries there has recently been erected 
hydraulic pumping plant, illustrated in fig. 166. A compound steam 
engine a on the surface pumps water at from 3000 to 4000 lbs. per sq. 
in. imder the pressure of air in a regulator h. The regidator consists of 
a plunger in communication with the power pipe, having an air cylinder e 
above it. In the air cylinder the required pressure is preserved by means 
of the air pump d. The power water is returned to an air vessel 6, from 
which it enters the suction pipes of the power pumps. The power water 
is dean, and has some oil added to it. 

The plant at * Pluto ' Colliery is thus described : — 

On the surface is a twin steam engine with cylinders 870 mm. in 
diameter, having a stroke of 1 080 mm., by which four rams, each 80 mm. 
in diameter, are worked. 

These rams, which are supplied with water containing some vaseline oil, 
force the water into an accimiulator up to a pressure of 200 atmospheres ; 
from this the water is led through pipes with an internal diameter of 
65 mm. and a thickness of 10 mm. of metal to the hydraulic pumping- 
engine, standing at a depth of 505 metres below the surface. This is a 
double-€U!tion twin engine without revolving parts. The driving gear is so 
constructed that in the water coliunn there is no pause in motion, whereby, 
notwithstanding the 250 atmospheres pressure, all blows are completely 
avoided. The motor pressure water is forced back to the reservoir at the 
surface through pipes 75 mm. in diameter. The rising main pipes have a 
diameter of 109 mm. 

The hydraulic pumping-engine forces 2*5 cubic metres of water per 
minute to the surface from 505 metres depth. 

Hydraulic pumps are subject to shocks if proper care is not taken in 
the design. Low-pressure systems suffer more from shocks than high- 
pressure ones, because the weight of water employed is larger in propor- 
tion to the pressure. High-pressure systems with weighted accumulators 
suffer more from shocks than those provided with steam or air accumu- 
lators, because of the inertia of the accumulator weight. 

A body of water at rest in a pipe exerts at any point a pressure 
proportional to the head or vertical height of the column above that 
point. 



Let 



A=the head of water in ft. above any point, 
j9=the pressore in lbs* per sq. in* at that point ; 
then I? =0*48 A. 
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A column of water in motion in a pipe has an acquired energy expressed 
in ft-lbs. by 

2g "64-4* 

in which W is the weight in lbs. and v the velocity in ft. per second. 

If the velocity of a given weight of water is not altered, its acquired 
energy is not increased or diminished. But a column of water moving 
with an accelerating velocity exerts a less pressure than the same column 
at rest ; and a column of water whose velocity is being retarded exerts a 
greater pressure than the same column at rest. 

In high-pressure systems the energy due to velocity alone is small 
compared with the total energy, especially with steam or air accumulators. 

We have already described fully the system of hydraulic power trans- 
mission in mines and the application of the steam regulator or accumulator. 
The foregoing figs. (167, 168, and 169) represent modem power plant 
recently designed by the author for a colliery. 

In fig. 170 is illustrated the general construction of the duplex 
hydraulic pumps employed underground. In this particular instance the 
working pressure at the surface is 1000 lbs. per sq. in. 

The hydraulic pumps are placed in heavily watered *dip' workings 
with 360 ft lift to the sump at the bottom of the shaft, from which the 
water is pmnped to the surface by means of compound differential engines. 
The shaft is 600 ft. deep, so that the vertical height from the hydraulic 
pumps to the surface is 860 ft. Below the main hydraulic pumps are 
placed pilot hydraulic pumps for the purpose of following the coal workings 
into the * dip.' 
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CHAPTER X. 

ELECTRIC TBANSMISSION OF POWER TO PT7MPS. 

Before oonsideriDg the merits of electric traDsmission, it should be 
remembered that all that is accomplished by the adoption of electricity 
is the transmission of the power of the steam engine, or other prime 
mover, to the working of the pump. It may take the place of a line 
of shafting or pump-rods, or it may enable the power to be transmitted 
over a great distance when other means of transmission would be impracti- 
cable or less efficient. Other systems of transmission have been applied, such 
as horizontal rods running on rollers, vertical rods on shafts, hydraulic 
transmission in pipes, and compressed air. At the Devon Great Consols 
the water power of the River Tamar was utilised for pumping by means 
of water-wheels actuating long lines of rods running on the surface on 
rollers, for distances of from half a mile to a mile. The rods then gave 
motion to the pumps in the shafts by means of angle-rods or quadrants 
changing the horizontal motion of the surface rod to the vertical motion of 
the pump-rods in the shafts. 

We do not know what was the mechanical efficiency of the plant, 
but it is evident that the loss of power with the horizontal rods must 
have been considerable. It is^ however, questionable whether the work 
could have been done with greater efficiency by the application of electric 
transmission. The losses were probably as follows : — 

Efficiency of water-whed, say 70 per cent. ) Total mechanical efficiency, 
,, „ tranamifigion, „ 65 „ ( 88 per cent 

The losses on an electric system may be estimated thus : — 



Turbine efficiency, say 70 per cent "* 
Dynamo „ », 90 ,, 

Line, 95 ,, 

Motor, 85 

Gearing to work pnmps, 75 



'Total mechanical efficiency, 88 per cent 






In this particular instance gearing would have been necessary to 
convert the high speed of the electric motor into the low speed necessary 

«94 
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for working the shaft pumps ; but other systems of applying the electric 
motor have been brought into use. The newest system is that of pumping 
by means of high-lift centrifugal pumps actuated by means of electric 
motors, or working the pumps direct without pump-rods or gearing by 
means of slow-running electric motors. These systems involve the 
necessity of placing both the motors and pumps underground. The 
mechanieal efficiencies of these two systems may be estimated thus: — 
High-lift Gentiifagal Pumps.— 

Mechanical efficiency of the motive power steam engine, 90 per cent 

» M dynamo, »0 „ 

»i f» line 95 „ 

I* » motor, 86 „ 

„ ,, centrifugal pmnp, . . .50 „ 

Total mechanieal effideney = 32'7 per cent. By substituting quick-nmning 
plunger pumps and slow-running electrie motors for the centrifugal pump 
and quick-running motor, the efficiency of the pump, if not made to 
run at too high a epeed, may be taken as 80 per cent. Hie total mechanical 
efficiency then becomes 52*3 per cent. 

The mechanical efficiency of the direct-acting mine pumping-engine, 
spear-rods, and plunger pump combined may be taken as 80 per cent. 
On the question of mechanical efficiency alone, the two electric systems 
preclude their adoption either for mining or other purposes. Waterworks 
pumping- engines and pumps combined have a mechanical efficiency of 
85 per cent. With both types of engines last mentioned the efficiency 
is but little influenced by variations in speed within the limits of 
practical working. The electric systems have not that degree of 
constancy, especially with the centrifugal pump. This pump only gives 
its maximum efficiency under critical conditions. A slight departure 
from such conditions causes the efficiency to fall off very rapidly. 
Under test this pump often gives 75 per cent, efficiency, but our experi- 
ence is that not more than 50 per cent, should be calculated on in 
practical work. 

Professor A. Bateau, in a paper read before the American Society of 
Mechanical Engineers, gave the mechanical efficiency of a number of turbo- 
centrifugal pumps at from 34 to 46 per cent. 

By the courtesy of Engineei^ing^ we are able to illustrate an electrie 
high-lift centrifugal-pump system which has been applied for draining 
the Horcajo Mine in Spain. 

A section of the shaft showing the general arrangement of the motors 
and pumps is shown in fig. 171. There are four pumps each lifting 
against a mean head of 424 ft., or 1272 ft. in all; the bottom pump 
lifting to the one above, and so on to the top of the shaft. 

The lowest of three pumps, all quadruple centrifugals, is placed at 
a depth of 388 metres. It raises the water from the sump below to the 
second pump, which delivers the water still under pressure to the third 
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Fio. 171. 
High- 
Mine, 



'Seetiaii of Sh&fta showing poaitloiiB .. 
lift Centrifugri Pmop. »t the Horeajo «>**» guide-blades 



pump, BO thkt no dir cftn eiit«r 
'E into the hydraulic sjatem. 
The whole bulk of wtter flows 
through all the pumpe, which 
do the BMne duty at the seme 
■peed. Each of the pumpa, 
therefore, baa to overoonie a 
mean head of 388/3=1293 
metres (about 424 ft.); but 
it will be seen that the pumps 
are not at the same vertical 
distances apart, old galleries 
affording convenient spaces for 
the pump chambers. Thus 
the seooud pump receives the 
water with a pressure of 27*4 
metres, and discharges it with 
156'8 metres into the pipes ; 
the pressures for the third 
pump are 14'1 and 1434 
metree, the latter being the 
final delivery pressure. 

The pumps are driven 
direct by means of electric 
motors on the pump spindles, 
OS shown in fig. 171. The 
mode of supporting the elec- 
tric cables in the shaft is illus- 
trated in fig. 174, whilst the 
general arrangement of the 
power plant is indicated in 
fig. 173. The power plant 
consists of compound steam- 
engines driving dynamos by 
meana of belts. 

Sections of the pumpe are 
reproduced in fig. 172. The 
nickel-steel shaft bears four 
wheels, /j, /^ /„ /„ of a 
diameter of 600 millimetres 
(nearly 20 in.), arranged in 
pairs on both sides of the fixed 
disca, I„ /,. The discs are set 
either 



aide. In the tests conducted 
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at tho Winterthur works a.n efficiency of 76 per Mnt.was Etttoined. In th« 
miD«8 pumpa have, at 890 revolutiooa per minute, to raise 4'2 cubic metres 
<926 gallons) of water per minute to a height of 130 metres (426'4 ft.). 
The disposition of the ports in the casting between the guide-blades and in 




Fio, 178. — Plan of Power-houM »iid Shaft, Hore^jo Hins, Sjmiu. 
the cover and cuing of the pump c&n be seen in the diagrams. Connection 
with the suction pipe can be effected on the right or on the left, according 
to the position of the pump in the chamber which the above-mentioned 
eusj replacement of one pump bj another necessitates. 

The shaft passes through the neck in a stuffing-box, which is paeked with 
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cotton, and then into a bearing which has been fitted with a ring lubricator. 
The seoond bearing in the pump cover ie grtased on the StaufTer systflm. 

When the pump it in motion, axial forces arise in the wheel and the 
shaft, the thruit being directed from the cover towards the suction neck, 
and being taken up bj the roller bearing. This roller bearing has to 
transmit a pressure of about 1 toB. The cook H, marked on fig. 172, 
and the elbow piping between the suction neck and the fint pressure 
chamber are wanted only for the one pump, which is the lowermost at 
the time. There is a small ring channel about the shaft just aft the 
BtuSing-box; the elbow piping just alluded to keeps this ring filled with 
water, lest air should be drawn into the pump. 

The last of the pressure chambers next the cover is again fitted with 
two neok-pieees, through either of which oonueotion ean be established 



FlO. 171.— nan ihowing the 




Is of BUpportiiig the £l«otrio Cables in the Shaft, 
Horoajo Mina 



with the hydraulic pipes. Cocke for fixing pressure gauges are provided 
in the second and fourth pressure chambers. The middle portion of 
the pump remains unobstructed for applying the hoisting taekle when the 
pump has to be taken to pieces. Three long sorew-bolts baring been 
removed, the cover and coupling pulley can be taken off, and the shaft 
with the fixed and loose parts of the pump can be pushed out half the 
abaft length. A ring is then screwed into the intermediate cover and 
the hoisting gear can be set in motion. The operation takes place every 
two or three months, and such a cleaning slops the pumping for five 
hours or less. The packing in the box it renewed on these occasions, as 
the high speed and the muddy water cause a rather rapid wear. 

EUetrieaUy-driven Plunger Pumj)*. — We illustrate in figs. 176 and 176 
types of pumps and electric motore made in Germany. 

The Klein Bigh^peed Pumpi. — The Eiein Company exhibited at 
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Dtlsseldorf, in the Mining Building, two high-speed electricallj-driyen 
pumps. One of these, a twin plunger pump, supplied the ornamental 




fountain in the Exhibition grounds, and delivered 146,000 gallons per 
hour. The chief dimensions were : — 
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DiuuetoiofpluDgan, .... 10*28 in. 

Stroke, 1674 „ 

Speed, ...... 160 levolntioiis per miontt^ 

The pump wu driTfln hj bolting by an eleotrio motor of the Deuteohe 
ElektrioitatB Werke, of Aachen, and ran at '400 revolutiona, developing 
200 horee-power. 

The second pump, shown in fig. 175, was a double-acting high-speed 




Fio. 176. — Eleotiicallj diiTSD Plnnger Pompa. 

mining pump. It was coupled direct to a 60 horse-power electric motor 
built b; the ElektrioitaU ActieQ-Oesellschaft, Ernst H. Oeist, of Gologne- 
Zollstock. It ran at a speed of 220 rerolulioDS, and deliTared 9900 
gallons per hour against a head of 820 tt. 

Diameter of plunger, ... 4'S3iii. uide-2B in. 

Stroke, , . . . . . 7-87 in. 

The bearings were fitted with ring lubrication ; the plunger was lubri- 
cated mechanicallj. It contained a small air-compreesor for renewing the 
air in the deliTer; chamber, -vhich is constantly being absorbed by the water 
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The suotion valves were connected to the suction chamber by tubes, 
which lead the water vertically through the valve openings; by this 
means comparatively small quantities of water are accelerated and held 
in check at each stroke of the plunger, and an air-cushion is carried to 
the centre of the valve, preventing its upsetting. 

It will be seen that the Klein pump runs at 220 revolutions per minute, 
and that the motor is comparatively small in diameter. The speed of this 
type of pump has been reduced by making the motor larger, as illustrated 
in fig. 176, bringing down the number of revolutions per minute to 180; 
but a lower speed than that is desirable for efficiency and durability. 



CHAPTER XI. 

YALVB GSABS OF PUMPING-ENQINIES. 

Almo6T all types of steam valves are used in pumping-engines, and the 
forms of valve gears are numerous. 

The Oomish gear is illustrated in figs. 177 and 178. The Cornish 
engine is provided with what is known as ' equilibrium valves,' three in 
number — the admission, the equilibrium, and the exhaust — and each valve 
is actuated from a separate valve arbor or shaft. The admission or steam 
valve is closed by the cut-off tappet A, which is adjustable for different 
portions of the stroke. The valve is held closed by means of the catch B 
until it is released by the operation of the cataract rod C. The other 
valves are closed at the end of the stroke by tappets on another plug rod 
clearly shown in fig. 177, and are kept closed by catches. 

On each gear arbor is a tappet arm sho¥m in the details between 
figs. 177 and 178. The upper arbor actuates the steam valve, the middle 
one the equilibrium, and the lower arbor the exhaust valve; a handle 
is also provided on each arbor, that the valve may be commanded by 
hand in starting the engine. The plug rods which carry the tappets are 
clearly shown in fig. 177. The tappets are made of hard wood, faced with 
leather. 

During the steam or indoor stroke the long tappet A on the left hand 

plug rod closes the steam valve by striking the arm on the upper gear 

arbor. At the completion of this stroke the lower tappet on the right 

hand plug rod strikes the arm on the bottom arbor, and closes the exhaust 

and the injection valve. The cataract now releases a weight on the rod D 

of the middle or equilibrium arbor, and the weight falls, opening the 

equilibrium valve. The piston now being in equilibrium, makes its up 

stroke, towards the completion of which the upper tappet on the right 

hand plug rod strikes the arm on the middle arbor and closes the 

equilibrium valve. Steam is now cushioned above the piston, and the 

engine comes to rest, remaining in that condition till the cataract releases 

the top and bottom arbors, when the weights attached to them suddenly 

cause the opening of the steam, exhaust and injection Vi Ives. 

903 
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fif w^uatments on the oatamct rod C, the exh&uBt and injeoti<m valves 
ftro caused to open a little before the ateam valve by releaaiog the lower 
arbor a little before the top one. The eteam valve tappet A is made long 
tbat it may close the steam valve early in the stroke. 

To this tappet a long screw ia attached, whereby it may be moved up 

f lo. 177. Fig. 178. 



Front El«vfttioD. Side EloTfttioii. 

Fioa 177 Midl78.— The Coraiih Engine Valve Gear— an illustration of the 
engine ie girnn on p. 69, 

A, Eipaniion Tappet lot dosing the Bteam valve, ajjostable for oattiDg off 

at froni 1 to f the stroke. 

B, C»Uh for holding ths valve closed, until released by the cataract rod C. 
D, D, D, Bods oirrjing weights for opening tbo valves when released bj 



and down on the plug rod to adjust the degree of expansion. Usually 
it is BO adjusted that the cut-off takes place at about one-third of the 
stroke or a little later, but the steam is throttled up to the point of 
cut-off. The initial pressure is often considerably above the pressure at 
the point of cut-off, and the indicator diagrams often give a curve in which 
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tbe poiittof cutoff is not apparent; the ezpaQEdon curve after out-off appear- 
ing to be part of a regular curve commencing with the initial preesnre. 

This haa given rise to misconception with casual observers. Coniiili 
engines have been said to work with ten to fifteen expansions, judged from 
an imperfect inapectioD of the indicator diagnma. We have in another 
chapter discussed tbe principles which govern expansive working in the 
Cornish engines. As a matter of fact the highest rate of expansion 
obtained in the old or single Cornish engine is about four to one. 

Tbe cataract consists of a pnmp {fig. 179), placed in a tank so arranged 



6 



Fio. 179. — Oatartct 0«u of Oomtih f 

PumpiDg- Engine. 

that when the engine makes its indoor or steam stroke the pump plunger 
is lifted by the operation of a tappet on the side of the plug rod as shown. 
The water taken in under the plunger on the up stroke is diachaiged back 
into the tank through an adjustable valve on the down stroke by means of 
the weight acting on the plunger. The adjustment of the discliarge valve 
determineB tbe speed at which the plunger descends^ and thus regulatee 
the time at which the cataract releasee the catch on the valve arbor. This 
determines the time when the valve is opened. With two cataracts there 
may be a pause at each end of the stroke. Generally only one cataract is 
used, and the engine only pauses at the oompletion of the equilibrium stroke. 
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The Differential Valve Oear.— .This gear dispenseB with the tappet 




Fio. 181.— DaTBy's Differential Cat-off Motion and Trip Gear. 

motion of the Cornish gear, and introduoes a goyeming element by which 
the valveB are all closed or partially so when any erratic motion of the 
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engine takea place owing to a loss of load. The general principle is that of 
causing the valves to be opened by means of a subeidiaiy steam ojlinder at 
a fixed ratio of speed determined b; the adjustment of a cataract. At the 
same time the engine by its motion tends to close the valves. 

As long as the motion of opening is faster than Uiat of dosing, the 



Fio. 18S.— The DiffeKotial Qcar u Fia. 1S4.— Cataiaot Qeu worked by 

kppliod to oyliDdrical ilide valre meftni of wster pteuure from the 

of oamponad BDgina. pumping maio. 

valves remain open, but as soon as the ei^ne motion becomes quicker 
than that of the cataract, then the valves b^n to close. 

Whilst the engine is working under normal oonditions, then the 
opening and oloeing of the valvee remains the same on each succeeding 
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stroke ; but when anything happens to 
oauae the engine to race, then the 
TolveB close earlier. 

The Bttiud&rd form of gear Ib shown 
in fig. 180. 

a and b are subsidiarj steam 
cylinders, and e and d cataracts with 
adjusting plugs to enable the speed of 
the subsidiary pistons to be regulated. 

To the main cataract rod e a lever/ 
is attached ; at the centre of this lever ^ 

is a rod ior giving motion to the -5, 

engine valves through a rocking shaft n 

or other convenient meana To the J 

outer end of the differential lever /is % 

a rod attached by any convenient means a 

to the engiue so that it gets the motion ^ 

of the engine piston on a reduced scale. | 

The motion of the opposite ends of the |> 

differential lever are in opposite direo- Q 

tions. The cataract d is for the pur- "9 

pose of determining the pause at the S 

end of the stroke. It simply operates ^ 

the steam valve of the main subsidiary § 

cylinder by tappets on its piston rod, J 

and in that way the time occupied in % 

opening the valve of the steam cylinder „ 

a determines the pause between the " 

strokes. It will be seen that in apply- >g 

ing this gear to engines with drop valves £ 

it is only necessary to have a rocking i5 

shaft between thegearand the valveroda, '- 

with suitable conneotions to the valves. S 

There are several additions to this ^ 

gear, such as separate cut-ofT motion 
to the eipansion valvee, and a trip 
motion to cause a sudden closing of 
the valves in the cose of breaking of the 
pump roils, etc. 

Both those motions are illustrated 
in tig. 181. 

The steam valve is opened by the 
gear through the curved lever d, and 
the cut4>ff tnkee place by the engine 
motion transmitted through the rod H. 
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The roller on the hent lever B forms an abutment on which the lever d 
is kept in position during the opening of the steam valye, but the engine 
motion produces an upward motion of the rod H, and removes the abut- 
ment, causing the valve to drop. A trip motion is applied to the valve rod c 

Arrxinpem€ttJt 
fir aileruuf balance 




Scale I tQ 32 

Fio. 186. — Shutter Yalye on the back of main valye of low-pressure cylinder 
of non -rotative engine, for the purpose of enabling the engine to work out of 
halance when used in working sinking pumps. 

The weight W keeps the bent lever A from releasing the trip /. The 
adjustment of the cataract G is such as to cause the weight W to be just 
raised, but not sufficient to release the trip/. Should the load suddenly 




Pio. 187.— Meyer Cut-off Valyes on the back of an ordinary D-slide yalve, 

fall off the engine, then the rod H would move relatively faster than the 
cataract piston G, with the result that the weight W would be raised, 
releasing the trip/. 
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This trip gear is applied in a variety of ways — sometimes in compound 
engines to a valve between the cylinders, as in fig. 182. 

In this instance the weight W of the last illustration is substituted by 
the springs E E, the engine being double-acting, and the trip taking place 
on either stroke, closing a valve between the cylinders of the engine. 

Fig. 183 shows the gear applied to the working of cylindrical valves 
with a definite cut-ofiP valve in the middle position. In this illustration 




Fio. 188. 



Fio. 189. 



Figs. 188 and 189.— Gorlias G«ar. 

the valves are those of a compound engine, having pistons moving in 
opposite directions. 

Sometimes the gear is worked by water taken from the pumping main, 
as in fig. 184. In this case the subsidiary cylinders form cataracts in 
themselves, the regulation being effected by means of the water stop 
valves. 

Sometimes the differential action is produced without the differential lever, 
as in fig. 185, where the main valves A are actuated by the direct cataract 
motion and the cut-off valves £ £ by the engine motion. In this illustra- 
tion cushioning valves C C are shown on the high-pressure cylinder. 



PUHPING MAOHIHBRT. 

; VtlTfl. — With double-ttoting mining engines working the 
doable B^tem of pump rods it is oaefal to be Kble to woi^ the engine 
when it is out of bal&nce, dmiDg n'ti^'ng opemtioni, or when one pump ie 




completely out of use, in the case of a breakdown of one pump, or from 
other causes. With the differential gesr working drop valves, it is quite easy 
to work the engine under auoh conditions by throttling on the idle stroke, 
and in slide-valve engines a shutter valve has been applied, as in fig. 186. 
On the back of the low-pressure valve is placed a plate or shutter 
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o&rried with the valve and held in position by a screw and out on the 
valve itself. This shutter is adjustable from the outside whilst the engine 
is runnii^, and it is only necessary to draw the shutter over the port to 
throttle the steam on the side where the load is lightest, 

Botative Engine Valve Oearg. — Almost all kinds of valve gears in use 
on oidinary rotative engines may be applied to pumping-engines, but as 
pumping-engines generally work slowly and have a constant load, auto- 
matic cut-off gears are not often required. Slide-valve engines have 




Fis. 191.— Dnpl«i St«ain Pamp Valve Motion, 



usually the Meyer cut-off valve on the back of the D-slide valve with a 
hand adjustment, as in fig. 187, 

Corliss valves are largely used, and are sometimes placed in the 
cylinder covers to reduce the clearance spaces, as in fig. 8, Chap. II. 

The ordinary Corliss gear is shown in figs. 188 and 189. Ad oscillating 
disc is placed on the side of the cylinder, and ham this disc is taken the 
motion for the opening and closing of the exhaust valves and the opening 
of the steam valves. The opening of the steam valves is effected against 
the resistance of a spring, as shown in fig. 189, and the valve is released 
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b; tb« opening of a trip or catoh. Od the release of the valve the ^ring 
olosefl it^ and a daab pot introduced under the spring oiuhiona the audden 
metjou. 

lite release of the valve maj be determined bj the governor, aa in fig. 




Bg.183. 

188, or there may be a hand a4JU8tment, which ia generally sufGoient in 
pumping-engineB, 

Fig. 190 shows another form, the Carliss valves being arranged under 
the cylinder. 

Steam Pnmpg.— Steam pumps with steam-moved valveo are numeroua 
and varied. The steam piston is made to cause the main steam valve to 
be reversed at the end of the stroke by means of a tappet, or in other ways 
causing ateam to press on a subsidiary piston conneoted with the main 
Valve so as to reverse its position. 
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The tappet and lever are often dispensed with by arrangements of steam 
passages, covered and uncovered by the main piston, the main piston 
really performing the function of a subsidiary valv& 

Duplex Valve Gear. — The duplex steam pump consists of two steam 
pumps arranged side by side, the piston of one pump being made to give 




Fio. 193.— Example of VaWe Gear in which the ateam valyefl are worked by cama, 
and the ezhanst Talvea from a crank action. — Shown in longitudinal section 
in fig. 192. 

motion to the steam valve of the other. Its simplest form is given in 
fig. 191. 

It will be seen that cushioning is necessary at the end of the stroke to 
prevent the pistons striking the covers. That is effected by the double 
ports shown in the engravmg. 

Steam is admitted to the cylinder through the outer ports, whilst the 
exhaust takes place through the inner ones. The exhaust port is closed by 
the i»ston before the end of the stroke, and in that way the piston is 
prevented from striking the cover. 



ai6 POMprao machinery. 

The device of making the workii^ of one engine dependent oa that of 
the other is old. Cornish engines in waterworks have been made to work 
alternately, when two engines were pumping into the same main, bj coupling 
the valve gears of the engines bj suitable connections, and as the steam 
stroke ia made quicker than the water stroke, one water stroke commenced 
before the other was completed, thua keeping up a nearly constant flow in 
the mains. 

The author observed many years ago in u»ng two independent steam 
pumps of precisely the same dimensions, and employing them to pump into 
the same rising main in a mining shaft, the rising main having no air 
vessel, that when the engines were working together they worked approxi- 
mately, as if their pistons had been coupled together by means of cranks 
at right angles. The reason was obvious. The pump plungers simply 
followed the line of least resistance. 

In almost all non-rotative engines having the main steam valves worked 
by a subsidiary cylinder, it is quite easy to arrange a pair of engines side 
by side and bo connect the valve gears that the duplex action may be 



Fio. 191. — EninpU of Meyer ExpanBion Valval. Main and eipanuon valrw worked 
from separate eooentrica. 

secured. By the duplex action we mean causing one piston to commence 
its stroke before the other finishes its stroke, and that can be done by 
means of two engines, each capable of independent action. An example of 
such an arrangement is given in connection with a pair of engines in the 
chapter on Hydraulic Engines. 

Valve gears of pumpiug-engines are so varied that we can only indicate 
the general features of different valve motions. The method of applica- 
tion is quite simple when the motion is understood. 

Cam Uotion is apphed to drop, piston, and Corhss valves. It may 
also be appUed to ordinary slide valves. With cams, quick opening and 
closing of the valve with an interval of rest can be secured ; the valve has 
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therefore little useless motion. The valves moat suitable for cam motion 
are those moved with little resistance. 

Eccentric or Crank Motion.— This is the motion most commonly used. 
Itia combined with a trip motion iu the Corliss gear, and it is applied 
with modifications to actuating ahnoet all kinds of valves. In figs. 192 and 
193 there is a cam motion to the steam valve, and a crank motion to the 
exhaust. In fig. 194 we have eccentric motion to the mtun and expansioD 
valves. It maj here be observed that an eccentric is a crank with the crank 
pin larger than the shaft. Two eccentrics at right angles to each other on one 
shaft will drive another shaft if coupled to the driven shaft by connecting rods 
attached to cranks, the cranks of course being at right angles to one another. 



NON-BOTATIVE ENGINES. 
Fio. 196.— Hathodor working Inlet and OuUstTalveB from the same Lever, bo that the 
olodng of one Vslre is asanred before the other opeoB. Used in Non-rotative 



The inverted or marine type of triple-expansion engine has come largely 
into use for waterworks pumping engines. Such an engine is illustrated 
in fig, 197 with the author'a design of Corliss valve gear. It will be seen 
that the valves are placed in the cylinder covers, and are driven by means 
of a counter-shaft getting its motion by means of gearing from the engine 
shaft. There is a separate eccentric for each pair of steam and exhaust 
valves. The governor alters the time-rtlease of the trip in the usual way, 
but it is only applied to the admission valves of the high-pressure cylinder. 
The time, if cut off for the other cylindeis, is adjusted by hand. All the 
cut-o? adjustments are held in position by a little counter-shaft indicated 
under the main counter-shaft shown in fig. 197, and the governor is so 
applied that in the event of the engine racing it releases all the trip rods, 
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BO that all the admiBsion valveB remain closed, and the engine takes no 
steam in either of the ojliadere till the attendant puts back the release 
into place. That is done whikt the engine is running by the single move- 
ment of a small lever. The gear will be readily understood from an 



SUam-valve MotioD. 



Exhaust- v*lTe Motion. 





of Corliss Talrs MotioD of Enj^s 
strated in fig. 197. 



inspection of the details in fig. 198. The eihnuat-vatve motion is such 
that the valve is not moved during the steam stroke, and therefore requires 
no lap more than that required for effective cover of the port. Wear and 
tear is thus reduced, as it is not moved under steam pressure except in the 
act of opening and closing. 



CHAPTER XIL 

WATER-PBESSUBB PUMPINGhENGTNES. 

Watbr-pbbssitre engines are employed in pumping water, in winding 
materials from mines, and in driving machinery of various kinds. 

For pumping water, the engine is usually applied direct to the pump, 
and in its simplest form is illustrated in iig. 199, which represents the 
water-pressure engine erected by Trevithick at the Druid Copper Mines, 
Ulogan, near Redruth. The engine consisted of a 10-in. double-acting 
hydraulic cylinder A, provided with a piston having a stroke of 9 ft. 
From the cross-head of the engine, spear-rods descended to work the 
pumps. The valves consisted of two lead 'plugs,' or pistons, B and C. 
Rods attached to these plugs passed through stufRng-boxes in the valve- 
chest cover, and were connected by means of a chain passing over a 
chain-wheel D. A lever on the axis of the chain-wheel was connected 
to the tumbling weight W. The movement of the main piston towards 
the end of its stroke, acting by tappets fixed on the piston-rod, caused 
the tumbling weight to be pushed over the centre, as in fig. 200 ; and in 
that way the valves or plugs B and C were reversed, and the return 
stroke of the engine was effected. 

If the plugs B and C were made to cover the ports, and thereby to 
prevent all slip of water past them, then the driving column would be 
absolutely stopped at the end of each stroke, as would be also the delivery 
column of the pumps, with consequent loss of energy. Severe shocks 
would also be produced at the end of each stroke. To reduce the severity 
of these shocks, Trevithick made the plugs B and C less deep than the 
width of the ports, as seen in fig. 199, and thereby allowed water to 
pass through from the driving column to the exhaust during the reversal 
of the stroke, thus preventing the absolute stoppage of the driving 
column. This device reduced the shock at the expense of water; and 
the efficiency of the engine must have been small. 

The loss of energy arising from fluctuations of velocity in the driving 
column is directly proportional to the weight of the driving column, and 
therefore to its length; consequently, when the height of the column 

33Z 
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Is inooDnderable compared with its length, and therefore its power small 
oompared with its weight, the percentage of Iobb is very greatly increased. 

In applying hydraulic power for draining the dip and distant workings 
in mines, the author has practically experienced the difficulty of haying 
to deal with a column very long compared with its height. A practical 
example is given in fig. 201, which represents two engines at Griif Colliery, 
near Nuneaton: these are now employed to pump out a very long dip 



Fia. 199. Fio. 20a 

Betarenoe Letten. — A, powsr ojlindgr ; B C, pi*tan yalTsi ; D, chiin pnllej ; 
W, tnmbling weight 

working, and will be kept for draining it permanently. There are two 
hydraulic engines A and B, each capable of raising 150 gallons per minute 
to 150 ft. height, through 800 ft. of 7^m. delivery pipe G C, under an 
effective head in the driving column of 450 ft., this head being supplied 
through 1900 ft. of 6-in. supply pipe DD. In commencing to get out 
the water from the dip, the fitst engine was placed as near as possible 
to the surface of the water. Suction pipes E were then added, as the 
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water was lowered, until a vertical depth of 25 ft. was reached; the 
second engine was then placed close down to the water-level, and the 
operation continued. In that way the pumping was uninterrupted, and a 
distance of 150 ft down the dip could be reached before it became 
necessary to move either engine, the inclination of the dip being 1 in 6. 
The water delivered at the top of the dip working is conducted to the 
sump S of the main pumping-engines, and the water for driving the 
hydraulic engines is conveyed down the shaft from the surface of the 
mine ; so that the main pumping-engines have to pump the water 
delivered at the sump, which includes the water used in working the 
hydraulic engines. The exhaust water from the power cylinder is 
delivered direct into the rising main of the hydraulic pump, so that 
the hydraulic engines work with an effective head equal to the height 
of the supply cistern above the main engine sump S. 

A longitudinal section of the hydraulic engines is given in fig. 202. 
The stroke is 2 ft. 6 in., diameter of power cylinder 6^ in., of pump 8} in. 

Thus the useful effect is represented by ( ^t^t ) x t^^^^ p©r cent. The 

speed of working is twelve double strokes per minute. It will be seen that 
the pump is provided with a loose liner M ; by withdrawing this liner, 
and putting in a laiger piston of 12^ in. diameter, the capacity of the 
pump is doubled, enabling the engine to pump double the quantity to 
half the height. The larger piston is used until half the total depth is 
reached, when it becomes necessary to insert the liner, and use the smaller 
piston for the remaining depth. 

The valves of the power cylinder are of a very peculiar construction, 
and were designed by the author with a view to get rid of the difficulties 
encountered in applying slides, and other ordinary valves, to water- 
pressure engines. They are shown to a larger scale in figs. 203 and 204. 
Referring to fig. 203, the top orifice F is the inlet, and the bottom one 
G the outlet or eduction pipe; and the pipes J and K form communica- 
tions to the two ends of the power cylinder. The eduction valves are 
annular g\m-metal pistons H H, working vertically, and each having two 
valve-beats, one on the inner edge I and one on the outer edge O of its 
bottom face. As the annular valve descends, the outside beat closes the 
communication to the eduction pipe ; and the inlet valve L, rising against 
the inner beat, closes the supply. This inlet valve is an ordinary single- 
beat mushroom valve, with its stalk projecting upwards and attached 
at the top to a piston N; the bottom face of this piston is constantly 
under the pressure of the driving column, whUe the top face is exposed 
alternately to the pressure of the driving colunm and to the pressure in 
the eduction pipe by means of a small gun-metal slide-valve P (fig. 204), 
actuated by a lever Q and tappet-rod R (fig. 202). The action of the 
two valves in combination will be readily seen by supposing that the 
exhaust valve is closed and the pressure valve is open, as on the left- 
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hand side of fig. 203; then the pressure yalve L, in closing, rises up 
against the annular eihaust valve H, and lifts it, opening the exhaust 
* orifice G. The valves are now in the position shown on the right-hand 
side of fig. 183. Towards the end of the stroke, an arm S attached to 
the cross-head of the engine strikes the tappet and so pushes the slide- 
valve over, into such a position that the top of the right-hand valve-piston 
is exposed to the pressure column and that of the other to the eduction 
column. The main valves are thereby reversed: the right-hand piston 
being under equal pressure top and bottom, the pressure on the top of 
the annular valve H forces it downwazds, carrying the pressure valve L 
with it. When the valve H has come down on its beat 0, closing the 
exhaust orifice, the valve L continues to descend under the pressure 
above it^ and opens the pipe K to the pressure water, as on the left-hand 
side of fig. 203. On the other side the ascending piston causes its inlet 
valve to dose, and its eduction valve to open. With this successive and 
alternate action of the valves they cannot in working be placed in a 
position which woidd allow any water to slip through uselessly; that is 
to say, it is impossible for the exhaust valve and the pressure valve ever 
to be both of them open at the same time. The opening of the exhaust 
valve depends on the closing of the pressure valve, and the pressure valve 
cannot open until after the exhaust valve has dosed, so that it is 
impossible for either valve to be open except while the other valve is 

closed. 

The double-acting engines just described were specially designed for 

the purpose they are applied to, which necessitated their occupying a very 

small space, and being very portable. But in the minority of cases, 

especially where the engines are applied under considerable pressure, and 

where the water is at all dirty, the author uses plungers instead of pistons. 

An example of a pair of engines with plungers, and applied under 
very heavy pressure, is given in fig. 205. These engines were made for 
pumping brine of 1*3 specific gravity. 

Each hydraulic engine is capable of raising per minute 66 gallons of 
brine 1000 ft high, with an effective pressure of 560 lbs. per sq. in. 
in the accumulator A, equivalent to 1000 ft head of brine. In the 
larger view (fig. 206), BB are the power plungers of 8-in. diameter, 
reduced to 5^in. diameter in the pumping cylinders C G. The rising and 
falling columns of the power water balance each other, and the head of 
the accumulator pressure exactly balances that of the brine in the rising 
main, so that the useful effect is simply given by the ratio between 
the total area of the plunger at B and the reduced annular area at G. 

Hence useful effects — HL i.b»59 per cent The power valves DD 

o 

are precisely similar to those already described, but are placed in separate 
boxes, because the power cylinders are separated; they are shown in 
section to a larger scale in fig. 207, and one of the pump valves £ £ in 
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^g. 208. The change yalve G (fig. 206) is worked by a tappet arrange- 
ment similar to that already described for the dip-engines. 

The effect of fluctuations of velocity in the driving column from an 
accumulator is similar to that in a column with a natural head; and 
the effect of enlarging the ram of the accumulator is to reduce the velocity 
of the moving weight, in the same way as the velocity of the water is 
reduced by enlarging the pipe in the other case. Hence it is highly 
important that when an accumulator is used it should be very large, 
thereby making its pulsations very slow. 

As an example of the practical application of water-pressure machinery 
to the working of a metalliferous mine in a hilly district, the author has 
prepared figs. 209 to 215, which represent the machinery designed by 
him for the A. D. Lead Mine, near Richmond, Yorkshire. 

It will be seen from fig. 209 that there is a reservoir situated on the 
hillside above the mine, at an elevation of about 500 ft. above the adit 
level. Pipes are led from this reservoir down the hillside for a distance 
of 1800 ft, and are then taken 240 ft. down a vertical shaft to the 
interior of the mine, at the inner end of the adit level. At this point a 
large chamber is excavated, to contain the pumping and winding engines. 

The pumping-engine (figs. 210, 211, and 212) consists of two vertical 
hydraulic cylinders A A, each having a power ram 12 in. in diameter with a 
7-ft. stroke. The rams are connected together by a chain passing over 
an overhead chain-pulley P (fig. 211), so that one ram makes its up stroke 
whilst the other is descending. A rod 3 in. in diameter, fixed to the nun, 
passes down through a stuffing-box in the bottom of the hydraulic cylinder, 
and is attached to the pump-rod. The pumps are each 13 in. in diameter, 
and of course have the same stroke as the hydraulic rams. On each 
hydraulic cylinder is placed a valve-box B^ shown in section in fig. 212, 
with valves similar to those already described in connection with the other 
hydraulic engines; both valve-boxes are connected with a single change- 
valve C. The pumps (fig. 210) are of the ordinary bucket type, provided 
with clack pieces, door pieces, and wind bores, such as are generally used 
for sinking purposes. The pumps will be used in deepening the shaft, 
and the hydraulic engines are proportioned for raising, at 6} strokes 
per minute, 500 gallons of water from a depth of 360 ft. to the adit 
level, the depth being about 120 ft. At the fuU depth, with 534 ft. 

13^ 360 
head on the rams, the useful effect will be represented by ^m — o* ^ kqi ^ 

84 per cent. 

The winding-engine (figs. 213 and 214) consists of a pair of double- 
acting hydraulic cylinders, coupled to right-angled cranks on the driving 
shaft, which latter is geared to the winding drum by a spur pinion, the 
general arrangement of the engine being very similar to that of a steam 
winding-engine. The gearing has a proportion of 1 to 6, and the winding 
drum is 6 ft. in diameter. The weight to be raised is 2 tons of ore at a 
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time. The ojlioden are 5^ in. in diameter, have a 16-iiL stroke, and 
niD at 19^ rev, per minute, giving a speed of 60 ft per minute to the 



rope. The admisaioii and eduction valves are somewhat similar in con- 
Btruotion to those already desoribed, but are driven bj meaiiB of eooentrics, 
havmg a link-revening motion, and are put in equilibrium by the some- 
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vhat novel arrangement shown in fig. 215. The two mushroom admission 
yalves E E are on the same spindle, on which are also fixed two pistons 
G G, each equal in diameter to the annular eduction valves J J. These 
pistons work in cylinders E E, placed beyond the engine ports, and form- 
ing continuations of the valve-box. By following out the motion of the 
valves, as given by the eccentric, it will be seen that the eccentric has 
only to overcome the resistance due to friction, because in all positions 
the valves are balanced as regards pressures. This the author considers 
an important improvement in this type of hydraulic valve, as it enables 
very large valves to be used, and thus prevents any loss from throttling. 
It also enables the reversing to be done by means of a link motion, and 
gives easy and complete control over the engine. 

Having described some examples of water-pressure engines of general 
application, the author proceeds to describe two engines specially designed 
for particidar cases. 

In fig. 216 is shown a peculiar application of a hydraulic pumping- 
engine, and one which the author has had occasion to adopt in several 
instances for mining operations. At the Hutton Henry Colliery, near 
Wingate, Durham, a certain quantity of water comes out of the strata at 
an intermediate point A, in a shaft where it is not convenient to place a 
pump except at the bottom. The water issuing at A has therefore to be 
taken down to the bottom before being forced to the surface. It is taken 
down from the point A in a down suction-pipe C C to the hydraulic pump 
B, and is delivered through the delivery pipe D D to the surface ; so that 
the work done by the pump is that due to the difiference between 866 ft 
head in the delivery pipe and 502 ft. in the down suction-pipe, or to 364 ft 
only. The power cylinder, 6^ in. in diameter, with a 1 ft. 3 in. stroke, is 
actuated by means of a driving column from the point £, having an efiective 
pressure of 260 ft. head. The power cylinder and pump, fig. 217, are both 
single-acting ; but the pump is a piston pump of a peculiar construction. 
The pressure of the down suction column is constantly in the annular space 
between the piston-rod, If in. in diameter, and the inside of the pump 
barrel, 4 in. iu diameter. During the forward or delivery stroke of the 
pump, the pressure behind the annular area of the ptimp piston assists the 
plunger of the power cylinder ; and the return stroke is produced entirely 
by the pressure from the down suctiou column being brought to bear on 
the full front area of the pump piston, the effective pressure for the return 
stroke being therefore that due to the difference between the full front area 
of the pump piston and the annular area of its back face, or, in other words, 

(4 V 364 
6*125/ 260 
per cent. The engine is designed to work at 10| double strokes, and to 
raise 7 gallons per minute. It should be added that the driving water is 
water which would run down to the bottom of this shaft in any case, and 
is simply utilised for piunping. 
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In figs. 218 and 219 is shown a pumping-engine designed by the author 
to work under a most peculiar condition, namely that of making a single 
pipe serve both for the driving column of the engine and as the delivery 
pipe of the pump. A is the vertical pump plunger, and B B a pair of power 
plungers, all three coupled side by side to the same cross-head C. D is the 
suction valve of the pump, and £ the delivery valve. F is the pipe which 
serves both for the delivery from the pump and for the supply to the 
power cylinder. It is in connection with the power cylinders at G, and has 
a branch H connected to the delivery valve-box above the delivery valve £L 
The cross-head C is of sufficient weight to cause the descent of the three 
plungers against the head of water in the pipe F. Water has to be pumped 
from the point E to the point M. The power water is obtained from the 
column L. J is a single-acting valve-box, similar to those already described in 
connection with the other hydraulic engines, and has a change valve actuated 
through a tappet-rod and wire by. the rise and fall of the plungers. 

The modus operandi may be thus described. During the up stroke the 
plungers BB are being raised by means of the pressure in the driving 
column L, and water is being drawn up into the pump cylinder A through 
the suction valve D. On the completion of the up stroke, the change 
valve in the valve-box J is reversed by the tappet-rod and wire, and the 
other valves are also reversed by the water itself, so that the conmiunication 
to the plungers BB from the driving column L is dosed, and also the 
suction valve D belonging to the lower sump K ; while the delivery pipe 
to the upper sump M is opened. The weight of the cross-head C then 
causes the plungers to descend, forcing the water out of the pump and the 
power cylinders, through the pipe F, up into the sump Mj and the 
operation is repeated in the same way. It will thus be seen that the pipe 
F serves as a supply pipe to the engine during the up stroke, and as a 
delivery pipe from the pump during the return stroke. This engine is 
specially applicable to the draining of dip workings, but can only be used 
to advantage in fixed positions, since it is not so portable as the other 
dip-working engines already described. 

If a pump situated at J be substituted for the driving column L (fig. 218) 
the valve-box J can be done away with, and the pipe F connected directly 
to the pump barreL The dip-engine would then derive its motion from 
this pump, and would work simultaneously with it. 

The two engines last described are of very limited application ; but they 
present several points of interest, particularly as, in the application of water 
power, engineers are often called upon to devise special means in order to 
meet special contingencies. 

The question of applying hydraulic power economically by means of 
rotative engines to varying resistances has received considerable attention. 
A very clever and ingenious device — ^that of automatically altering the 
stroke by means of a resistance governor — has been used. There are other 
methods which readily suggest themselves, such as levers having shifting 
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folcmms, and nmilar devices ; but the author has never found any such 
mechanism sufficiently practical for general application. 

The dip engine already described (fig. 202) might be provided with a 
lever having a shifting fulcrum, between the power-cylinder and the pump ; 
but the economy so gained, beyond that effected by the loose liner and 
change of piston, would not compensate for the extra complication. 

In rotative engines having fly-wheels the admission valves of the power 
cylinders may be made to close at varying points in the stroke, by means 
of known mechanisms ; and if the ends of the cylinders are provided with 
vacuum valves opening inwards, from pipes dipping into a waste-water 
cistern, the speed of the engine may be kept constant^ whilst the supply 
of pressure water is varied to meet the vaiying resistances to which the 
engine may be applied. The cylinder would be partly filled from the 
pressure pipe, and then the remaining space would be automatically filled 
from the waste tank. By the use of three double-acting cylinders working 
on one crank-shaft^ the portion of the stroke during which the pressure 
water would be admitted might be considerably varied, without causing a 
great fluctuation in the velocity of the driving column. 

The foregoing is from a paper by the author in the Fraceedinga of the 
InriUuitan of Mechanical Engineers, 

Inertia of Water Column and Pmnp Bods. — In applying water- 
pressure engines to the working of mining pumps through the medium of 
pump rods, the author met with the difficulty arising from the inertia 
of the pump rods and attachments in addition to the inertia of the motive 
power column. The effect of inertia of pump rods has been dealt with in 
Chap. lY. Assuming that by the use of an air vessel, or by other means, 
the water pressure may be preserved nearly constant at the engine, how is 
the inertia of the pump rods to be compensated for 1 

Fig. 220 represents the application of a water-pressure engine to the 
working of mine pumps by means of the quadrants gs^ and the rods hh\ 
Aomiming the rods to possess considerable weighty then a pressure above 
that required by the resistance of the pumps is necessary at the beginning, 
and a less pressure towards the end of the stroke. 

This engine is employed to actuate pumps having heavy reciprocating 
parts, such as well or shaft pumps actuated by means of pump rods. 
a and b are motive power cylinders provided with admission and exhaust 
valves ; c is a plunger or piston connected to the pump by means of the 
rod (2, connecting rods e and /, quadrants g and g', and pump rods h and 
h\ The said plunger or piston is connected directly or indirectly by means 
of a rod i to the piston or plunger j, working in a water cylinder k^ having 
at the ends air vessels II; these air vessels II are partly filled with water, 
so that when the piston or plunger j is moved in one direction or the other, 
the air above the water in one of the air vessels is compressed, whilst the 
air in the other is rarefied. 

In this way when the piston or plunger is moving from one end of its 
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stroke, it is aadated by the preHSure of the air oompreesed in the air veeBel 
U that end, and in moving from mid position towaida the other end its 
motion is retarded by the compression of the air in ibe air veesel at the end 
towards which the piston is moving. Thus the motion of the motive 
power piston or lounger c is assisted at the beginning and resisted towards 
the end of the stroke, in thu way compensating for the inertia of the pump 
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rode and connections, and the inertia of the water column actuating the 
motive power piston or plunger c 

To minimise the loss of energy arieiDg from shook in the motive power 
water column caused by the fluctuations in velocity of the coliunn, the 
author devised the appatatus shown in fig. 221. p is the motive power 
water pipe, q a plunger or piston working in a cylinder r, oounected to the 
pipe p. Attached to the plunger 9 is a piston or plunger > working in a 
cylinder ( ; from tbe cylinder ( passes a pipe w oonneoted to the air veasel 
V, partly filled with water, u is a plunger attached to tbe piston s, and 
working in the pump cylinder x,yy' are suction and delivery valves in the 
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chamber 2. Any leakage past the piston 8 passes into the cylinder Zj and 
on the descent of the plunger to, the air and water present is forced 
out and into the air vessel v, so that the latter is by this means kept 
charged. 

The areas of the pistons q and 8 respectively are so proportioned, and 
the pressure of the air in the air vessel t; is so regulated that the pistons or 
plimgers shall be towards the bottom of their strokes when the pressure in 
the motive power pipe is normal or below the normal, and the water in the 
pipe jp is in motion. Should the motion of the water in the pipe p be 
suddenly stopped, then the increased pressure in the pipe jp, due to the 
inertia of the water, would push up the pistons or plungers q and a, and 
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thus force the water above the piston 8 into the air vessel v, thereby 
compressing the air. 

The energy thus stored in the air vessel would be given out again to 
the water in the pipe p by the return of the plunger when the pressure in 
the pipe p fell below the normal pressure. 

A loaded relief valve of any suitable form is placed at /, to prevent 
any excess of pressure in the air vessel v. 

We have already described very fully the principles and construction 
of water-pressure engines. Fig. 222 illustrates a pair of low-pressure 
engines employed to pump water to a higher elevation than the source of 
power. Water flowing from one reservoir to another at a lower level is 
made to pump water to supply a district above the higher reservoir. The 
engines are arranged to work on the duplex plan, but can easily be altered 
to enable them to be worked singly. 

The hydraulic piston D (fig. 223) is cushioned by causing it to enter 
a recess at each end of the cylinder, and so confine the water being 
exhausted. 

16 
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The power yalves (fig. 223) are of the piston type, with a subsidiaiy 
vaWe A and subeidiary piston B^ by means of which they are actuated. 
The duplex action is secured by means of connecting pipes between the 
subsidiary Talve of one engine and the subsidiary cylinder of the other. 
To enable the eng^es to work separately it is only necessary to connect 
the pipes from the subsidiary valve box of each engine to its own subsidiary 
cylinder. 



Compoiind Puiiiiiiug En){iDe, Birnimgham Waterworks. 



CHAPTER XIIL 

WATERWORKS KNGINES. 

Town Water Supply. — Machinery for this purpose is very varied in 
character and design, partly owing to the varied nature of the application 
and partly owing to the changes which have taken place arising from the 
introduction of high-pressure steam and the progress which has been made 
in design, in the simplification of parts, and in improved details. With 
the older form of engine, the house and engine were combined into one 
structure, as is the case with beam engines generally. 

The modem engine is self-contained and only requires a house as shelter. 

Pumping from wells requires a special design of engine and pump to 
suit the local circumstances. It may be advisable to use the permanent 
engine to drain the well during sinking operations, or it may be advisable 
to use bore-holes as wells. It may be necessary to pump the water raised 
from the well into an elevated reservoir or into the distributing mains by 
the same engine ; or it may be better to have a separate engine. These 
are questions influenced by local circumstances. 

Water supply from wells is, generally speaking, obtained from a depth 
not exceeding 200 or 300 ft. 

At that depth pumping is not so expensive as to become of great import- 
ance, but as the expense of fuel, upkeep and some of the working charges 
increase somewhat in the proportion to the increase in depth from which 
the water is pumped, it is worth while to expend considerable capital in 
order to obviate having to pump water from excessive depths. When 
water supply is taken from rivers it often becomes necessary to have 
pumps to lift the unfiltered water to filter beds, and others to pump this 
filtered water into the distributing mains. The two sets of pumps are 
sometimes actuated from the same engine, but the more modem and 
approved plan is to have a separate engine for each purpose. 

The filter pumps are generally of small power and large capacity. The 
simplest forms are the centrifugal and the ordinary steam pump, but both 
are large steam consumers. Such pumps are, however, simple, and occupy 
but little space. The author has used the ordinary non-condensing steam 
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pump for the purpoee of pumping water to filters on a plan which secures 
economy. The system is illustrated in fig. 12, Chap. II., and described 
on p. 46. A separate boiler having a working pressure of 30 or 40 lbs. 
per sq. in. above that of the boilers of the main engines may be used for 
the filter pumps, and the filter pump engines may be made to exhaust 
into the boilers of the main engines. In this way a simple single-cylinder 
non-condensing steam pump may be made use of without the very great 
waste of steam usually resulting from the use of such piunps. 

Water-pressure engines taking their power from the water mains may 
under certain circumstances, be also used for the purpose. 

Where the lift is only a few feet^ a very convenient method is the use of 
a centrifugal pump with a 'Pelton' wheel fixed on the same spindle 
(fig. 255, Chap. XY.), the Pelton wheel being driven by means of water 
taken from the mains. 

Generally speaking, the filter pumps require more power than it would 
be advisable to apply by the methods just named. Assuming that the main 
engines are required to be of 300 H.P. with a lift of 200 ft., then the filter 
pumps would be required to be considerably over 30 H.P. for a lift of 
20 ft. 

Engines are sometimes used to pump from a water main at one pressure 
into another at a higher pressure. In Birmingham the distribution is 
divided into four zones with a difference in level between the one zone and 
the next of from 100 ft. to 200 ft. Two compound pumping-engines each 
of two million gallons per day capacity are used to pump water from the 
low-level zone main into the mid-level zone main, the pressures being 
110 ft in the low-level and 250 ft in the mid-level main. 

Water-pressure pumps are sometimes used for water supply, and where 
a natural head of water is available the economy is obvious. Such pumps 
have also been used with the power derived from water falling from one 
reservoir level to another, to pump a supply to a district above the higher 
reservoir. The water-pressure pump is a simple machine requiring little 
attention, and when a counter is attached it becomes a fairly good water 
meter. 

Sometimes waterworks engines are employed to pump direct into the 
distributing mains without the use of a reservoir for the purpose of main- 
taining a constant pressure, the pressure being maintained during tiie 
fluctuations in demand by alterations in the speed of the engines. 

Balanced valves have also been used to maintain a constant pressure 
against the pump. 

With waterworks plant reserve power is necessary, and that reserve 
must be based on the maximum supply which takes place either in dry 
summer or severe winter. 

The capacity of each engine must also be above the maximum require- 
ments to allow for reduced delivery of the pump when out of order. 

In addition to reserve engines^ each engine should have a reserve 
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capacity of say 30 per cent The question as to what reserve power 
engines should have depends on the extent of the water supply. With 
small supplies the unit of power becomes small, and 100 per cent reserve 
power is necessary to avoid having very small units. 

In large establishments, where the units of power become numerous, 
then 33 per cent may suffice, say one spare engine in three. 

A town having a mean supply of 20,000,000 gallons per day might 
make a demand on the pumping machinery to the extent of 28,000,000 or 
30,000,000 gallons per day during a dry summer or a severe frost. The 
following diagram (fig. 224) shows the fluctuation in water supply in the 
city of Birmingham for the years 1896-7. 

Where engines pump direct into the distributing mains without a 
service reservoir, the reserve power of the engines must be increased, 
because the variation in demand during twenty-four hours largely 
exceeds the mean supply. Service reservoirs should contain at least 
twenty-four hours' supply. 

It is not desirable to pump into distributing mains without connection 
to a service reservoir, although sometimes it becomes necessary. 

Types of Wateorworks Engines. — The single cylinder Cornish engine 
(fig. 225) was formerly the most favoured, and very justly so, because, with 
the pressure of steam then available — 30 to 40 lbs. — it was the most 
economical engine made. 

Under proper conditions, large engines required only 24 to 26 lbs. of 
steam per pump H.P., a performance which was only equalled by compound 
rotative Woolf engines working with much higher boiler pressure. The 
Cornish engine in the single cylinder form is only suited to low pressures, 
and for that reason it has given place to compound engines of the double 
or triple class. 

The general form of compound rotative beam engines is shown in figs. 
226 and 227. 

A double-acting pump is actuated from the crank end of the beam, as 
in fig. 226, or two single-acting pumps are placed one on each side of the 
beam centre, as in fig. 227. 

This type of engine was generally worked with the Woolf distribution 
of steam — that is, with a cut-off valve on the high-pressure cylinder 
only. 

To work such engines on the receiver plan with a cut-off on each 
cylinder a very heavy fly-wheel is required ; but if two engines are com- 
bined to form a compound engine coupled to the same shaft with cranks at 
right angles, then a lighter fly-wheel suffices. Since it has become 
practicable to make boilers which are durable and safe, carrying very high 
pressures, new types of pumping-engines are taking the place of the old 
beam engines. 

It had long been recognised that there was a distinct advantage in 
making the engine what is termed ' direct acting ' — that is, in attaching the 
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pump direct to the piston rod inetead oF by an indirect connection through 
a beam and connecting rod. Wheo higher boiler preasures became uaual, 
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ir of cylinder, 
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Langth of stroke, 



Number of strokca per micate. 



new types of eugin«« were produced. An example of a triple compound 
engine is shown in figs. 228 and 229. 
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Duty Triai, op Enoinb illubtratbd oh faob 2BI, by Professor 

W. Cawthornb Unwin, F.R.S. 
7%e Engine. — The engine is a triple-expansioo, Tertioal, tbree-crftnk fly- 
whe«] engine. It has a Hurface coadeuBer, the circulating water in which 



FlQ. 226. — Comiionnd Beam Eagine — London Waterworks. 
ia the water pumped by the engine. The crank sequence ie intermediate, 
high, low presHure. The eteam valves on the cylinders are Corliss valves 
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in the ojlinder heads, with a ver; simple and Batisfaotory trip gear. The 
ojlinder oleanaces, as thown iu the table below, are exoeption&lty amalL 
The trip gear of the high-prassurs ojlinder is coDtrolled bjr a speed 
governor. Ths trip gears of the other cylinders are ordinarily set to a fixed 
cut-off, but this is Tariable b; hand adjuetment. According to the soalea 
marked on the gear, the cutoff was at 0'26 in the low-pressure oyliuder, 



Tta. 227. — Leicester Sewage Works Componnd Beun Pnmping' Engine. 

High-preMiire ejlinder, 80 iil diuoeter x 6 ft Vj in. Etrokei. 

Low-presanni cylinder, 48 in. diunctcT k 8 ft. 6 in. atroke. 

Boiler preeeure, 80 lbs. 

rumje, pietoli uid plunger t^pe, piston 27| in. diametor x C ft. 9} in. etnike. 

71j -wheel, 21 fL diameter, weight SI tons. 

BeToIationB per minute, 12. 

Fr«d Wkter per l.H.P. per hour reported to be 16'4 lU. to lS-8 Ibe. 

Indicated horae power, SOO. 

at 0'28 in the intermediate-ptessure cylinder, and at about 0'28 in the 
high-pressure cylinder. The steam cylinders are steam jacketed — the high- 
preesure and intermediate-pressure with boiler steam, and the low-pressure 
with steam of about 60 lbs. pressure per square inch. There are jacketed 
receiTera between the intermedia t«-preBsu re and low-pressure cylinders. 
The dntiuage from the jacket* is ordinarily led direct to the boilers- In 
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this trikl it was out off from the boilers to be measured and disdiarged to 
vaate. The other engine in the house was during this trial blanked off 

Each engine has thrse aingle-acting ram pumps, with numerous meUl 
valves of sraall diameter faced with rubber. The pump discharge ii 
therefore Terj uniform. 




28. ~ Triple- expaiiBiou Pumping- Engine — City of Leeds Waterworlu. 

Cylinders, 16 in., 21 and 10 in. diameter 1 . . 

Plunger pnmps, laj in. diameUr | x S f t stroke. 

Toraiw ISBO galtonB per minute against a hood of SOO ft. 

Boiler pressure, 160 lbs. 

There are two Iduoashire boilers with orosa tubes in the flues, and 
fitted with Bennis's spriukling stokers. Only one boiler was used, the 
other being blanked off. There are also feed-heaters and au ecoDomiser. 
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The ooal used in this trial was Welsh Powell DuffiTii steam coal. It had, 
however, to be broken rather small before being placed in the hoppers of 
the Bennis stokers, and as it does not cake on the grate, some fell through 
unbumed. It is doubtful if hard coal of this description is well adapted 
for use with automatic sprinkling stokers. 



DiMSMSIONB OF ENGINE AND BOILBB. 

Boiler— 

Boiler, ....... 

Flaes, S ft dJAineter, tapered to 2 It. 6 in. at the back end, 

with four crofls tubes. 
Grate area, ..... . . 

Total heating surface, ..... 

Green's economiser, 12S tubes, having a heating surface of 

1280 sq. ft. 

Engine — 

Diameter of cylinders, 
One piston-rod to each cylinder, 
Effective piston area, high-pressure, top, 
II It ti bottom, 

,, ,, intermediate-pressure, top, 

,, bottom 

low-pressure, top, 



{ 



28 ft. length by 7 ft 
6 in. dum. 



86 sq. ft 
850 sq. ft 



II 
II 



II 
II 



•I 



II 



II 



bottom, 



Stroke, high-pressure, 

,, intermediate-pressure, 

,, low-pressure, 
Diameter of pump rams, 
Mean area, 
Mean stroke, . 

Mean ratio of steam cylinders, 

Volume described by pistons per stroke, high-pressure 
Volume described by pistons per stroke, intermediate pressure 
Volume described by 2)iston8 per stroke, low-pressure. 
Mean clearance volume, high-pressure, 

„ „ intermediate-pressure, 

,, ,, low-pressure, . 

Percentage of clearance to cylinder volume, high-pressure. 
Percentage of clearance to cylinder volume, intermediate 

pressure, ...... 

Percentage of clearance to cylinder volume, low-pressure. 
Capacity of high-pressure receiver, 

„ intermediate- pressure receiver, . 



15in., 26 in., and 40in 
8} in. diam. 
1767 sq. in. 
165*66 sq. in. 
490*9 sq. in. 
479*86 sq. in. 
1256*6 sq. in. 
1245*56 sq. in. 
86*00 in. 
85*97 in. 
85-99 in. 
18*482 in. 
142*74 sq. in. 

2-999 0. 
1 : 2*84 : 7*88 
8*78 cubic ft 
10*40 cubic ft. 
26*62 cubic ft 
0*0897 cubic ft 
0*179 cubic ft. 
0*44 cubic ft 
2*88 

1*72 

1-65 

16*8 cubic ft 
20*0 cubic ft. 



Measuring Arrangements, — A counter and set of gauges were attached 
to the engine. The two most important gauges for the purpose of the 
tria], the suction and delivery gauges on the pump mains, were sent to 
Messrs Scbaffer <k Budenberg after the trial, and they were found to be 
correct. 

For measuring the condensed steam from the surface condenser two 
tanks were provided, each placed on a weighing machine. A pipe with a 
two-way cock delivered the condensed steam or air-pump discharge into these 
alternately into each for half an hour. The weight of the tanks themselves 
had been balanced by lead attached permanently to the weighing machines. 
Hence the weight found in the tank, which had been filling during each 
half-hour, was the net weight of steam used by the engine in the half-hour. 



Triple-e:ipftnBioD Pumping Bngina, City of Leeds WatsrKorkg. 
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While one tank reoeived the condensed steam the other was emptied. The 
weight of steam used per half-hour during the trial was very constaat. 

The jacket water was delivered continuously into a tank containing a 
considerable quantity of comparatively cool water, or water below boiling 
point, which cooled it and prevented loss by evaporation. From this 
first tank it overflowed into a measuring tank on a weighing machine. 
Every hour the quantity of overflow, which necessarily is equal to the 
jacket drainage in the time, was weighed. 

The coal was weighed in bags adjusted to 112 lbs. each. These bags 
were supplied to the stoker as required. At starting the trial the 
hoppers of the Bennis stokers were emptied and refilled with weighed coaL 
At the end of the trial the hoppers were again emptied, and the coal 
found in them was weighed back. The steam pressure was steady, with a 
falling tendency at the beginning and end of the trial, and the level in the 
glass water-gauges was exactly the same at the beginning and end of the 
trial. The steam driving the Bennis stokers was taken from the boiler 
in use, and, unfortunately, cannot be allowed for in considering the 
boiler evaporation. 

The trial was started and measurements commenced at 8 a.m., and it 
ended at 8 p.m. Most of the observations were taken every quarter of 
an hour. 



Obssbvationb during thb Trial. 



Dnntioii of trials, hours, 
Mean barometer, inches, 

poundiB per square inch, 



I* 



i> 



12 

29*61 

14*64 



Counter and Steam and Pump Gauges. — According to the conditions of 
the trial the steam consumption was determined from the air-pump and 
jacket discharge, and the head was ascertained from readings of two 
pressure gauges, taken every quarter of an hour. 



Total revolutions in twelve hours, . 

Revolutions per minute, .... 

Pump delivery gauge, mean pressure, feet, . 

„ suction „ „ „ . . 

Head on pumps in feet, by pressu]:^ g&Qge, . 
Mean steam pressure in valve chest by gauge, in pounds per 

square inch, ..... 

Mean steam pressure absolute, pounds per square inch, 
gauge „ H.P. receiver, . 

vacuum, inches, . . . . 

Absolute pressure in condenser, pounds per square inch,* 
Temperature corresponding to condenser pressure, Fahr. deg., 



GONDENBXD StEAM AND JaCKBT WATKB. 



»1 



24,942 
84 64 

814*6 
277 

286*9 

185-96 

150-50 

88-92 

2-89 

27-79 

0*89 

98*0 



Total steam through cylinders in twelve hours, 

Total jacket water in twelve hours, 

Total steam in twelve hours, . 

Cylinder steam per hour. 

Jacket steam per hour, 

Total steam per hour. 

Jacket steam per cent of total steam, 



22,129 Iha. 

4,129 lbs. 
26,256 lbs. 
1848-9 lbs. 

844*1 Ibo. 
2188*0 Ibfl. 
15*72 
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Indicator Measurements. — Indicator diagrams were taken every half- 
hour from the engine cylinders, and every hour from the pumps. 



Mean J^edive Pressure, povrndspsr square inch — 

Top. 
H.P. cylinder, . . . 49*06 

LP. „ . . . 17 14 

L.P. „ . . . 9'46 



IndieaUd HorsS'power — 

H.P. cylinder, top, . . . 27*80 

„ „ bottom, . . 26*18 

LP. .. top, . . . 26*47 

bottom, . 26-29 

top, . . . 87 '42 

bottom, . . 41*09 

Total indicated hone- power, .... 

Mean effective pressure in pmnpe from pmnp diagrams, 
pounds per square inch, . • 

Mean effectiye pressure in pumps from pump diagrams, in feet 

Pump horse-power from aiagrams, . 



ti 
UP. 



»» 



If 



Bottom. 
48*17 
17*41 
10*48 



62*48 

62*76 

78*61 
188*70 

128 '7 
286*6 
166*7 



26,266 lbs. 

2,188 lbs. 

2*67 lbs. 
8660 lbs. 
296-6 lbs. 

8-24 lbs. 
261 lbs. 
20-9 lbs. 
276-7 lbs. 

7-88 lbs. 

7*98 lbs. 
188*1 lbs. 
162*64 lbs. 
869*68 deg. Fahr. 
102*0 deg. Fahr. 
261*1 deg. Fahr. 
169*1 deg. Fahr. 



Boiler Measureinents. — The coal used was Welsh Powell Duffryn steam 
coal, broken small for the Bennis hoppers. 

Total evaporation in twelve hours, . 

Evaporation per hour, 

Evaporation per square feet of heating surface per hour, 

CkMtl burned in twelve hours, 

Coal burned per hour. 

Goal per square feet of grate per hour, • 

Ashes in twelve hours. 

Ashes per hour, . ' . • 

Combustible burned per hour. 

Evaporation per pound of coal, 

Evaporation per pound of combustible, 

Mean steam pressure in boilers per square inch. 

Mean steam pressure, absolute. 

Steam temperature in boilers, 

Mean feed temperature. 

Mean temperatare of water leaving economiser, 

EUse of temperature in economiser, . 

Oaloulation of Rxsultb. 
Engine BesuUs — 

Water pumped per hour, slip neglected. 
Water pumped m twelve hours, • 
Effective hmd by pressure gauge. 
Pump horse-power by pressure gauge, 
Consumption of steam per hour, 
Steam per pump horse- power hour, . 
Indicated horse-power, • 

Steam per L H.P. hour, 
Mechanical efficiency of engine, 

Boiler RbsuUs— 

Water evaporated per hour, . 

Coal burned per hour. 

Coal per pump horse-power hour, 

Coal per LH.r. hour. 

Actual evaporation per pound of coal. 

Evaporation per pound of coal from and at 212 degrees by 

boderonly, 
Evaporation by economiser, . 
Evaporation total, • 



18,640 cubic ft, 
1,888,000 galls. 
286*9 ft 
167 6 
2188 lbs. 

18-06 lbs. 
188-70 

11*91 lb. 
0*918 



2188 lbs. 
296*6 lbs. 
1*769 lbs. 
1*614 lbs. 
7*879 lbs. 

7*848 lbs. 
1 -226 lbs. 
8*668 Ibe. 
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Tf the jacket water had been returned to the boiler instead of being 
delivered to waste, as would be the case in ordinary working, then the 
evaporation would have been as follows : — 



Temperature of jacket water, . . . . . 

Jacket water per hour ...... 

Evaporation eqaivalent to jacket heat supply per hour, 
Evaporatioii equivalent to jacket heat supply per pound of coal 

Evaporation fh>m and at 212 degrees, allowing for heat of 
jacket drainage per pound of coal, . . . . 



297*0 deg. Fahr. 
844-1 lbs. 
69-411)6. 

0-284 lbs. 

8*802 lbs. 



H R Cylinder 



H.R Pkjmp 




^tmo^ahmricUM 



Zero Line 



J.£ Cylinder 



I.R Pump 



Socue 




ktmos/therfc line 
ZeroUne 




L.R Cylinder. 
SeaZe Vzo^ 



L.RPump 




\ 



Fro. 280. — Indicator Diagrams from Triple-Expansion Pumping- Engine — Leeds Waterworks. 

The evaporation of the boilers was not very good, even allowing for the 
fact that steam was supplied to the engine driving the Bennis stokers, which 
is not taken into account. It appears that hard Welsh coal is not well 
adapted for sprinkling stokers. The boiler grate was also larger than 
desirable for the most economical results. 

Thbrii AL Results. 

Temperature of boiler steam, ..... 359*68 deg. Fahr. 
Temperature of jacket drainage, .... 297*00 

Temperature of condenser, .98*00 

Total heat of steam supplied to engine reckoned from 
exhaust temperature, per pound thermal units, . . 1126*6 



It 



aS^ 
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Liquid heat of J4cket dninags retnnied to boilen, nekoned 

fram szhauat temperature, per poaud thennsl units,* 
Pannda of ateani sapplied permiaiita. 



41,060 T, 
l.lfiST 



UlD. 


.SS^ 


^ 


Per 
P.H.P. 


riDCiLnrDlM gois 


■oea 
-Met 


'?S 


~av6 


total. . .| M«T 


u-w 










B.F. 


IJ. 
18 


UP. 


ol. dMcrllwd by nrtou. 


■oe 

1-87 


Total, . . 


CT'M 



FuwiB : 18S-T. 



r HoBss PonR: i 



Utcd 


(OP Totil St«m ■Dd CyUnder onljr. 




DEr»» n*OTio». 


Ifoibtnu re atUM. 




(>und«r 
rtadJacketi 


O-llndtr 
only. 




0TB 


0-88 

0-n 


""it ^t 




0-BO 


ow 


T,i il 




O-M 


O-TO 


g? ■?? 



■neaD ot I pain of c«nU whlidi wi 




HeatRapplyperLH.P. per minute. 



Tlisrmal effldeDcy, ...... 

Themml efficiency of perfect engine for uuDO tompemtui'o 



* A small quantity or beat i 
luatsd by eiluiut iteMU. 



L addidun was rutnnied to the boiler bj a feed heater 
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Duty of the Engine. — ^In this country the duty is estimated as the 
feotiye work of the engine in ft. lbs., per 112 lbs. of ooal. The effective 
work in the trial was 167*6x1,980,000=331,850,000 ft lbs. per hour. 
The actual coal consumption was 296*5 lbs. per hour. Hence the actual 
duty was 125,350,000 ft. lbs. per 112 lbs. of coal. This is a very good but 
not exceptional duty. 

In this trial, the efficiency of the boiler was not good, and the duty 
which depends on the performance of the boiler and engine is not so good 
as it would have been if steam had been supplied by a more efficient 
boiler. With a good boiler, hand fired with Welsh coal, the evaporation 
might very well have been 9*5 lbs. per pound of coal. Then the coal con- 
sumption would have been 240*8 lbs. per hour. In that case the duty 
would have been 154,350,000 ft. lbs. per 112 lbs. of coal. This is an 
exceptionally high duty. 

In America, it is common to reckon the duty of a pumping engine as 
the ft. lbs. of effective work per 1000 lbs. of steam supplied to the engine. 
Taking this measure the duty of the engine is 151,670,000 ft. lbs. This 
is almost as high a duty as has ever been recorded. It involves no 
assumption as to the performance of the boiler. 

Fig. 230 shows a set of indicator diagrams which corresponded most 
nearly to the mean power of each cylinder; and fig. 231 is an 
enlargement of these diagrams to a common scale of volumes, with the 
saturation lines drawn both for the cylinder steam and for the total steam 
supplied to the engine. 

Fig. 232 represents a compound inverted direct-acting engine working 
with a boiler pressure of 70 lbs. per sq. in. It has cylinders 33 and 
60 in. in diameter, a 10-ft. stroke and 26-in. pumps; its capacity is 
6,000,000 gallons of water per day to a height of 260 ft. 

The pump valves are of the hat-band type. The pumps have plungers 
weighted to the full resistance, the weight performing the function of a 
fly-wheel in admitting of expansive working, as explained in the chapter on 
the general principles. 

The engines and pumps are coupled together by means of a parallel 
motion, shown in detail in fig. 233. This motion is more perfect when the 
outer ends of the outer beams are guided in horizontal slides, instead 
of being attached to links (see fig. 100, Chap. VI.), but the link secures 
sufficient accuracy for practical purposes. 

In fig. 234 is shown a triple compound horizontal engine actuating well 
pumps by means of rocking discs with varying stroke, the principle of 
which is explained in Chap. IV., fig. 75. 

Fig. 235 is a horizontal cross compound pumping-eng^ne such as is 
often used for town water supply. It has cylinders 24 in. and 41 in. in 
diameter and a 5-ft. stroke, and actuates two double-acting piston pumps. 
To get the best economy from this type of engine it should be worked on 
the receiver system with a cut-off on the low-pressure cylinder. The 

17 
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mgine is provided with D-slide toItm, with a cut-off Tftlr« on tho baok of 
th« nuuQ valve, the cutoff being adjustable by hand whilst tiie Bagina ia 



Fio. 232. — Oampottnd NoD-rotatiTe Pnmping-EngiiiM — BirmiDghMii WatarwoAt. 
CjrIindeTS, 18 and 80 in. i& diunet«r 1 „ , 
Pamp*. 26 in. in diameter j"''^ **«*"■ 

To laiM 6 milliDDi of gallona par day SCO (t. high. 



mnnitig. The pumps are 16 in. in diameter, and pump to a total height 
of 160 ft. at 36 revolutions per minute with 80 Ibe. boiler preBsure. The 
valves of the pump are email hard rubber valvee working on gun-metal 
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grid sefttings and kept dowo hj means of a light apring. There are fortj- 
eigfat Talvee in each pump, each 7J in. in diameter. 

The condenser is of the injection t^pe, the air pump being worked from 
a small amok shaft driven irom the crank of the low-pressure cylinder b; 
means of a drag link. 

Fig. 236 represents a compound steam pump having ofUndera 26 in. 
and 37 in. in diameter and a S-ft. stroke. It was designed by the author 
to work from a set of boileiB at ISO lbs. pressure, and to exhaust into a 
battery of bolters at 20 lbs. pressure, supplying several Cornish engines. 
In this way economy was secnred at a small capital outlay as the low- 
pressure engines and boilers already existed and worked constantly. The 
system is described in Chap. II., fig. IS. 

The pump is 22 in. in diameter, and at fifteen double strokes per 



f 10. 2S3. — Parallsl Uotion Beams for GompoDud Pmnping-EngineB. 

minute pumps 3,000,000 gallons per day against a head of 220 ft The 
valves are of vulcanite, each 4^ in. in diameter, working on a gun-metal 
seating, and kept in place by a light spring. 

Pig. 237 is a drawing of a horizontal compound Cornish engine 
actuating a single-acting bucket pump. The pump is suspended by steel 
rods and screws in a well to a depth of 220 ft. The wooden gantry is for 
the purpose of supporting and lowering the pump. 

When the water is not being pumped it rises to the top of the weU. 
The pump was lowered through the water and worked while still suspended 
in the rods. By pumping, the water was lowered to the level of the pump 
barrel ; at that depth bearers were put in to take the weight of the pump, 
white the rods and screws were allowed to remain for the purpose of 
drawing the pump when necessary, as the pump itself was not fastened 
down to the bearers. 
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The engine baa oylinden 26 in. and 6i in. in diameter, and a 5-ft 
stroke. The pump is 24 in. in diameter and has a 5-ft. stroke, and deliveis 
its water to a reaervoir above the top of the well two miles distant, the total 
lift on the pump being 290 il. The boiler preesure is 130 lbs. 

The pump valves are of the ordinary double-beat type. 

Fig. S3S is a drawing of a triple compoimd American engine designed 
by Leavitt. This engine has cylinders 137 in., 24-375 in., and 39 in. in 
diameter, all having a stroke of 6 ft. On a trial it is reported to have 
raised 12,350 gallons per minute 137 ft. high at 69-59 revolutions per 
minute with a steam pressure of 157'7 lbs. The cousumption of feed 
water was 12-26, and of dry steam 112 lbs. per I.E.F. per hour, which is 
equal to an efficiency ratio of about 6S per cent. The pump plungers are 
17*6 in. in diameter, have a 4-ft. stroke, and are three in number. 

BoreJiole Wells for Town Water Supply. — In procuring water for town 



Fio. 286. — Cross Compound BotrntiTs PnmpiDg-Engiae — Shioghai WsUrworka 

Cjllndeti, ai and *1 in, dbnuterl ^ y^ stroke. 

Pomps, 16 in. diamstar / 

To pump > total hcigbt ot 160 (t. st a speed of S6 rsvolctlons per minnts. 

Boiler prewnre, 80 lbs. 

water supply, it is the usual and necessary practice te provide duplicate 
pumping-engines, and where two engines are made to pump from the same 
well, the well must be very large that it may accommodate two sets of 
pumpe. 

Such wells are uaually 12 to 14 ft. in diameter. 

To sink such a well in the ordinaiy way is a very long and costly 
undertaking, especially if soft strata are met with, where lining becomes 
necessary. On the completion of the well it may be necessary to drive 
adits to increase the water supply. 

A simple bore-hole is made very cheaply, and very expeditiously. 
Four 30-in. bore-holes can be put down in a very small fraction of the 
time required to sink a 1 2-ft well. Instead of making a large well, the 
author puts down four bore-holce to accommodate the pumps for duplicate 
pumping engines — a pur of pumps te each engine, as in figs. 239 and 240. 
The bore-holes being completed, the pumps are lowered inte them, and 
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FlO. 238. — LsBvitt's Triple-eipandon Pumping'eiigme. 
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Fio. 2SS, 
FiOB. ass and 240.— Davey'i Bora- hole 8, 



Fmu 240. 
n of Well* for Town WkUr Sapplj. 
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ooapled up to the permanent engines. Immediately that is done the water 
found in the bore-holes can be pumped and supplied to the town. Should it 
be insufficient^ then a small well would be sunk in dry ground to the bottom 
of the bore-hole pumps. The water being kept down by the pumps, the 
bore-holes at the level of the pumps would be connected to the centre well, 
and adits driven to collect more water. Should the bore-holes yield 
sufficient water, it would not be necessary to sink the well. It would 
be absurd to advocate any particular system of well-sinking as being 
universally applicable; this system, however, of making wells offers 
advantages imder favourable conditions, but the advisability of its 




Fio. 242. 




Fias. 242 and 243.— Triple Compound Steam Pumpa. 

adoption in any particular case must be a matter of judgment with 
the engineer planning the work. 

Having illustrated and described the system in outline, we will now 
describe a practical example of executed work. 

For the water supply of Widnes, bore-holes two in number are sunk in 
red sandstone rock, and are placed 20 ft apart, each bored to a diameter 
of 30 in. for a depth of 200 ft, and to a reduced diameter of 18 in. for a 
further depth of 200 ft. and 300 ft. respectively, thus making the first 
hole 400 ft. deep and the second one 500 ft. deep. On the completion of 
the boring the water stood 70 to 80 ft. from the surface of the ground, 
when the quantity pumped by an old engine on the same site was 1^ 
million gallons per day. The main pumps were then lowered into the 
bore-holes, each pump extending to the bottom of the large part of the 
hole 200 ft. from the ground leveL In that position the pumps were 
suspended from a cast-iron bed-plate supported on a concrete foundation 
formed round the top of the holes, a block of oak being inserted between 
the head of the pump and the bed-plate. In this suspended position the 
pumps work. 



Fio. 24a. 
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It must be observed that no tempomrj pumping plant beiog required, 
the main engines were erected whilst the bore-boles were being made, bo 
that on the completion of ereotion of the engines and pumpa, water could 
be at once supplied to the town, but it remained to be proved what waa 
the quantity of water available. 

The engines were made for the purpose of pumping 2^ million galloDs 
per day, but it waa found that working up to their full capacity of 3} 
million gallons, the full yield of the bore-hole was not reaebed. On 
starting the new pumps it was found that when pumping 3J million 



Fio. 244. — American Triplt'CXpatiitoD Pumplug-Gngitt*. 

gallons per day, the water level was lowered to 100 ft. from the surface of 
the ground. 

Had the yield of water been insufBcient, then whatever water there was 
might have been sent oootinuously to the town, whilst the small well A 
shown in fig. 239 waa sunk, and adite driven, say, to a depth of 180 or 
200 ft. from the surface for the purpose of collecting more water. In 
chalk this would probably have been necessary, but in this and in other 
coses in sandstone it has not been necessary to drive adits. Similar bore- 
holes and pumps have been put down in red sandstone at Fleetwood, 
Eingswinford, and other places. 

The motive power consbte of a 230 H.P. compound surfacoHXindensiug 
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engine employed to pump from the bore-holes into a masonry tank by the 
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Fio. 246.~ComponDd Non-roUtive Pumping^Engines— Cambridge Sewage Works. 

engine foundations^ from which tank the water is forced by the same 
engine to a reservoir at an elevation of 260 ft. 



^O PUHPIMO MAOHINBRT. 

The engine is illustrated in fig. 341 . It works the force pump b; means of 
Fio. 246. 




FlM. 246 ni 247. — Uethod □( loweriog pnmps in deep welli for town water inpplj. 



a tail rod ^m the low-prenure cylinder, and the bore-hole pumpe by means of 
compensating rocking leTers actuated by a connecting rod from the crosshead 
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of the engine. The principle of the compensating lever is described in 
Chap. lY., p. 86. 

Steam Distrtbutian, — The engine is of the receiver type, having 
separate expansion valves on both high- and low-pressure cylinders, 
adjustable by hand whilst the engine is in motion. 

Description of the Ejhgine, — Both the steam cylinders are completely 
jacketed, bodies and ends, with steam at boiler pressure. 

The valve gear consists of a D-slide valve on each cylinder actuated by 
means of a rocking shaft deriving its motion from a water cylinder worked 
by pressure from the pumping main. This arrangement has several 
advantages, one of which is that^ should the water main burst, the engine 
suddenly stops of itself. On the back of each of the D valves is a pair of 
Meyer expansion valves actuated by means of a rocking shaft, deriving its 
motion from the engine itself. 

The main valves move uniformly and independent of the engine. The 
expansion valve rests on the back of the main valve, and is moved by the 
engine. Both travel in the same direction, and the quicker the engine 
goes, the quicker will the expansion valve cover the port; with no load 
on the engine it covers the port instantly the port begins to open, 
because the engine motion then responds veiy promptly to the opening of 
the port. 

Between the engine and the surface condenser is placed a feed-water 
heater which raises the feed water to a temperature of llO"* Fahr. before it 
passes into the boiler. 

The bore-hole pumps are made of lap- welded steel tubes with wrought- 
iron flanges screwed on. 

A steam winch is provided for drawing the pump rods, and for changing 
the working parts of the pumps. 

For indicating the water level in the bore-holes, a pipe is put down 
outside the pumps. At the top of the pipe in the engine-room is fixed a 
sensitive pressure gauge ; below the gauge is a branch communicating with 
a small air-pump worked by the engine. The pipe is thus kept filled with 
air, and the hydrostatic pressure on the outside of the tube is thus shown 
on the pressure gauge. 

The following summary gives the general particulars of a trial of this 
engine and cost of the installation : — 



Steam pTessnie, . 






. 70 Ihs. per sq. in. 


Diameter of cylinders. 






. 82 and 60 in. 


Length of stroke, 






. 6 ft 8 in. 


Diameter of force punp, . 






. 18iin. 


Height of lift, . 






. 280 ft 


Length of stroke, 






• 6 ft 8in. 


Diameter of bore-hole pumps, 






. 18i in. 


Hflightoflift, . 






. 100 ft 


Length of stroke, 






6 ft 6 in. 


Number of strokes per minute, 






. 12^ 
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Depth of bore-holos, ..... 400 and 500 ft 
DiBmeter of bore-holeB, . . . . 80 in. for 200 ft down, 

and then 18 in. 
Tabesnrfaoe of condenser, .... 4208q. ft 

Tube enr&oe of feed heater, . . .140 ft. 

Water pumped in 24 hours, • . > ^i million gaUone. 

Duty on engine on an evaporation of 10 lbs. of water 

perl lb. of coal, ..... 124 milUona. 

Lbs. of steam used per I.H.P. per hour, . .15*6 

Lbe. of steam used per P. H. P. per hour, . . 18*0 

Indicated horse-power. 
Pump horse-power, 



280 

200 

87 per cent. 

170 tons. 

£6000 



Mechanical efficiency. 
Weight of engine and pumps, 
Coet of engine and pumps, 

„ „ perP.H.P., . . £80 

Total cost of engine, pumps, bore-holes, and buildings, . £9700 

„ „ „ „ perP.H.P., . £48,58. 

Steam Pampe are of various forms, but all couple the steam piston to 
the pump piston or plunger direct without rotative mechanism. We have 
not space to notice the various details of such pumps. 

Figs. 242 and 243 illustrate convenient forms of pumps with triple 
compound steam cylinders. Such pumps are constructed on the single or 
duplex plan, or a pair of pumps may be employed with the valve gear so 
arranged as to enable the two to work together on the duplex plan, or to 
work singly as desired. 

When so designed, cushioning ports or cushioning valves necessary to 
the duplex action must be employed. See Chap. XI., on Yalve Gears. 

Fig. 244 represents an American triple-expansion rotative pumping- 
engine with the Corliss type of valve gear. 

Fig. 245 shows a pair of sewage pumping-engines at the Cambridge 
Sewage Pumping Station. The pumps are actuated by means of a rocking 
disc on the Davey compensating principle already described. The engines 
have cylinders 22 and 44 in. in diameter and a 4-ft. stroke. The pumps 
are of the bucket type, 34 in. in diameter, and have a 4-ft. stroke. The 
height of lift is 50 ft. 

Figs. 246 and 247 illustrate the application of steam power to 
the working of lowering screws for suspending pumps during sinking 
operations. 

Pumping Engine, Trent Valley Pumping Statioa — ^The illustration 
on Plate XII. is that of a triple-expansion differential pumping engine, at 
the South Staffordshire Waterworks. The engine, which is of the same 
type as six others, has high-pressure cylinders 20 in. in diameter, interme- 
diate-pressure cylinder 30 in. in diameter, low*pres8ure cylinder 44 in. in 
diameter, all with a stroke of 5 ft. These cylinders are arranged tandem, 
and actuate a pair of bore-hole pumps, each I5| in. in diameter, and a force 
pump 15f in. in diameter, all having the same stroke as the engine. 
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The bore-hole pumps are placed at a depth of 300 ft. from the surface, 
but the yield of the bore-holes has proved so plentiful that at present the 
water level is only 67 ft. from the surface. The engine was built for a head 
of 160 ft. on the force pump, but, owing to the exigencies of the Water 
Company, has for some months past been delivering against a head of 
326 ft., or slightly more than twice that for which it was designed. The 
engine is fitted with the differential gear. This gear, which operates the 
steam valves of the engine, is driven by water taken from the rising main, 
so that in case of a burst pipe the gear is thrown out of action and the 
steam valves remain closed. As an additional precaution, a throttle valve 
is placed on the steam pipe, which, usually full open, is arranged to close 
automatically, either in the event of an excessive or a too low pressure in 
the delivery mains. The engine is also fitted with a pausing gear, so that 
the si)eed can be at any moment regulated from two to fourteen strokes 
per minute to suit the demand for water for the time being. As above 
stated, the bucket pumps are placed in the bore-holes at a depth of 300 ft. 
from the surface. 

The buckets and clacks are of the double-beat type. The latter are not 
driven into their seats, but are simply secured by weights cottered to the 
clack spindles. They can therefore be very readily drawn to the surface at 
any time for examination or repair. In practice the time required for the 
withdrawal and replacement of one of these clacks from a depth of 300 ft. 
is rather less than one hour, while a set of rods and buckets can be drawn 
and replaced in twelve hours. The bucket seating consists of a gutta- 
percha ring of rectangular section, and it is found that both buckets and 
clacks run night and day for about twelve months without attention. 

The force pump, which is of the piston type, is fitted with valves of the 
same class as those of the bucket pumps. The horizontal motion of the 
engine pistons is converted into the vertical motion of the pump buckets 
through the high-duty attachment, which consists of a pair of angle quadrants 
having the pins to which the engine and pump connecting-rods are attached 
so placed relatively to each other that in each stroke the engine pistons obtain 
a mechanical advantage over the pump buckets as the stroke is made, thus 
permitting a high degree of expansion without the introduction of special 
appliances or heavy moving parts. 

A twenty-four hours' continuous trial of the engine was made by Mr 
Douglass, the Water Company's assistant engineer. The steam consumption 
was measured from the air-pump discharge and jacket discharge, which 
were collected in tanks and carefully weighed. The water pumped was 
measured from the net displacement of the force pump after deducting the 
amount used to drive the differential gear. The following are the par- 
ticulars of this trial :— 

Daiation of trial, . . . . . .24 hoars. 

Average steam pressure by gauge in boiler-house, . . 145*8 IbsL 

Average yacnnm by gauge in engine-house, . . 27*4 in. 
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Ayvnge head on bore-hole pmnpe, . 
Average head on force pomp, 

Total head, 

Ket gallons delivered in twenty-four hours after deduct 

ing the amount consumed by gear, 
Equivalent average horse-power in water lifted. 
Average indicated horse-power. 
Efficiency, ...... 

Average steam consumption per hour in lbs., 

Average lbs. of steam per indicated horse-power per hour, 

Average lbs. of steam per actual horse-power in water 

lifted per hour, ..... 
Duty in millions per 1120 lbs. of steam used, 



67-27 ft 
326-4 ft 
893-67 ft. 

1,569,110 gallons. 

129-98 

168-8 

79'3 per cent 
2-845 

14-3 

18 
122-9 



The total cost per annum of working this pumping station, including 
coal, stores, wages, renewals, and repairs, has been found to be £10, 14s. 6d. 
per actual average horse-power in water lifted throughout the year. In 
other words, 6800 gallons is raised 100 ft. for the total cost of one penny. 
Capital charges are omitted, but the station is a cheap one. 

OoBts of Workiiig Pumpiiig-Eiigines. — Short trials of pumping-engines 
have their uses, but the actual cost must be taken over a considerable 
period to be of commercial value. We give below the actual cost of 
working two colliery pumping-engines, at the South Staffordshire mines 
drainage stations, taken over a period of thirteen years. The engines are 
compound differential engines working with steam of from 60 to 70 lbs. 
boiler -pressure. As no other engines (excepting small winding engines 
used occasionally when examining pit, and capstan engines for shaft work) 
took steam from the same boilers, the results are more accurate than can 
be obtained at many collieries. (1) The larger of the two engines, called 
the Bradley engine, has high- and low-pressure steam cylinders 52 and 90 
in. in diameter respectively, with a stroke of 10 ft.; and it works two 
plunger^pumps, each 27 in. in diameter, also with a stroke of 10 ft This 
engine was put to work in April 1885, but separate cost accounts were not 
kept until the year ending June 30, 1890. In the thirteen years from 
that time until June 30, 1902, the engine had raised 11,686,000,000 gallons 
of water from a depth of 384 ft., equivalent to an average continuous night- 
and-day horse-power, in the water lifted, of 199, and to an average 
continuous piston speed of 61 ft. per minute. The average annual cost of 
working the Bradley pumping engine during the whole period has been as 
follows : — 



vOai, • • • ■ 

Labour, 

Stores, including oil and packing, 

Bepairs to engine and pumps, • 

Repairs to boilers, 

Totals, . 



Per 
annum. 

£ 

1422 

878 
99 

110 
47 

£2561 



Per continuous 

pump horse-power 

per annum. 

£ 8, d, 
7 2 11 

4 7 10 

10 

11 1 

4 10 

£12 16 8 
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(2) The smaller of the two engines, called the Moat engine, has high- 
and low-pressure cylinders, 44 and 76 in. in diameter respectivelj, with a 
stroke of 10 ft. ; and it works two ram pumps, 19 in. in diameter, and 
below them a pair of bucket pumps, 19^ in. in diameter, having a stroke 
of 10 ft., and with a total joint lift of 620 ft This engine was started 
work in 1885, but separate cost accounts were not kept until the year 
ending June 30, 1893. In the ten years from that time up to June 30, 
1902, this engine has raised 7,391,525,000 gaUons of water from a depth 
of 620 ft., equivalent to a continuous night-and-day horse-power of 264 in 
the water lifted, and to an average continuous piston speed of 115 ft. per 
minute. The average cost of working the Moat pumping-engine during 
the whole period has been as follows : — 



CJoal, .... 

Labour, 

Stores, inolnding oil and packing, 

BepaiiB to engine and pnmps, . 

Repairs to boilers, 

Totals, 



Per 
annum. 

£ 
1410 

918 
98 

150 
28 

£2699 



Per continuous 

pump horse-power 

per annum. 

£ $. d, 
6 6 10 

8 9 6 

7 6 

11 6 

19 



£9 16 11 



It may be remarked that the cylinders and other parts of the Bradley 
and Moat pumping-engines are in excellent order, and that no important 
parts of either engines or pumps have at any time been replaced, with the 
exception of the pump clack boxes — seven of which have been renewed. 
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Annual Cost of Workinq Enginbs of Different Types. 



Name, . . • • 


Mr Hill's Engines 


MrCarr's 
Engine, 
Nether, 
ley. 


Mr Hew- 
son's 
Engines, 
Heading- 
ley, Leeds. 


Mr Parry's 
Engines, 
Aubrey 
Street, 
Liverpool. 


Hinksford. 


Shenstone. 


Ashwood. 


Type of engine, . 


Vertical 
compound 
rotative. 


Horizontal 
compound 
differen- 
tial diredr 
acting. 


Horizontal 
compound 
differen- 
tial direct- 
acting. 


Horizontal 
compound 
differen- 
tUl direct- 
acting. 


Triple- 
expansion 
vertical 
rotative. 


Triple- 
expansion 
vertical 
rotative. 


Total height of lift, . 


486 ft. 


668 ft. 


488 ft. 


870 ft. 


206 ft. 


98 ft. 


Average continaons 
night-and-day horse- 
power in water lifted 
throughout the year. 


144 h.p. 


126 h.p. 


178 h.p. 


126 h.p. 


01* h.p. 


72 h.p. 


Boiler pressure, lbs. 
persq. fai. 


100 


60 


60 


70 


180 


140 


Average duty in 
millions, including 
all losses as in the 
cases before quoted. 


61| millions 


48| millions 


47i millions 


46* millions 


66 millions. 


60 millions. 


Price of coal delivered 
in yard, coal used 
being local slack. 


8s. 6d. 
per ton. 


7s. 6d. 
per ton. 


8s. Id. 
' per ton. 


0B.8d. 
per ton. 


0s.8d. 
per ton. 


8s id. 
per ton. 


Actual costs per con- 
tinuous night-and- 
day horse-power in 
water lifted for the 
year: 

For coal. 


r 1 


£ c. d. 

7 7 


£ «. d. 

7 7 8* 


£ «. d. 
8 12 6 


£ s. d. 

6 


£ s, d. 
6 2 4 


For wages, includ- 
ing stokers and 
alTlabour at the 
station. 


8 8 8 


8 14 8 


216 2 


2 10 U 


10 8 8 


6 6 2 


For stores and oil. 


12 1 


18 8 


Oil 6 


7 2 


2 6 8 


12 6 


For repairs, . 

Add repairs as 
Total, . . . 


016 2 
atAshwood, 


None in the 
six months 
of which 
figures 
were 
supplied. 


10 6 


1 10 1 


16 6 


8 18 4 
Total re- 
pairs, in- 
cluding 
other 
plant All 
chargod 
to triple 
engine. 


£11 16 4 
10 6 


£12 10 6 


£12 6 10 


£11 4 6* 


£18 8 


£10 18 10 


£16 18 8 



The above table we have taken from a paper by Messrs A. H. Meysey- 
Thompson and H. Lupton. The actual saving in coal alone may be more 
than covered by interest on the extra cost of the apparatus effecting the 
saving. The saving on capital expenditure and the general expenses of 
working the establishment are often more important than a 10 per cent, 
saving in coal alone. 
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Trial Dutiks of Pttmpino Engikib. 



Bngiae. 



Milwaukee, . 
Leeds, . 
LlTerpool, . 
Chmnka, 



Dnieiter, First 
Filter Bngine. 



Dniester, Second 
Filter iSugine. 



Dniester, First 
Forcing Bngine. 



Dniester, Second 
Forcing Bngine. 



Melbourne, Sew- 
age Pumplng- 
Englne. 



Trial nuMle by 



Prof. Thurston, 



Prof. Unwin, 



Mr Jones and 
Mr Towler. 



Mr T. Flatta, 
Engineer - in 
Chief, Odessa 
Municipality. 



MrT.Platts, 



Mr T. Flatta, 



Mr T. Platte, 



Cylinders, 
Double- 
Acting. 

Diameter. 



Mr T.Platte, 



Mr W. Thwaites, 
Engineer - in 
Chief,Melboume 



28 in., 48 in., 
and 74 in. 



15in., 26in., 
and 40 in. 



16 in., 28 in., 
and 88 in. 



16 in., 26 in., 
and 40 in. 



12 in., 20 in., 
and 81 in. 



12 lb., 20 in., 
and 81 in. 



20 in., 86 in., 
and 64 in. 



6 



20 in., 86 in., 
and 64 in. 



20in.,S6ia., 
and 64 in. 



82 



18* 



22 



181 



82 



88 



17 



17 



28* 



Stroke. 



ft. in. 
6 



8 



8 



8 



2 



8 6 



8 6 



8 6 



8 6 



dH.P. in Water 
Lifted. 


in Millions per 
lbs. of Coal on a 
lb. Evaporation. 


1 


|S. 


620 


171 


107 


170 


166 


188 


04 


164 


07 


167 


06 


166 


880 


178 
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166 



168 



11 

^1 



8*0 



7*88 



0*6 



I 



U6 



188 



140 



128 



180 



180 



8-46 180 

Super- 
heat afe 
engine, 
6'F. 



180 



100 



[To fate page 276. 
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CHAPTER XIV. 

FUMPINO-EKQINS ECONOMY AND TBIAI8 OF PUMPINQ HAGHINBRT. 

Trials of Pumpmg-Engines. — In Chap. II. we have discussed the rela- 
tive economies which should be derived from steam of different pressures, 
assuming that the engines were all equally efficient for the pressures 
employed. 

All other things being the same, higher steam pressure secures greater 
economy per I.H.P. because there is more work obtainable from 1 lb. of 
high-pressure than from 1 lb. of low-pressure steam ; therefore in drawing 
conclusions from steam-engine trials the steam pressures employed must be 
taken into account. In other words the efficiency ratio should be known. 

In Chap. II. is given a summary of trials of pumping-engines, as also 
the efficiency ratio. The efficiency ratio is the relation between the per- 
formance of the engine tested and that of a perfect steam-«ngine 
working without loss, and having the same initial and exhaust pressures. 

The tables give a summary of results of many reported trials, but it 
may be remarked that all who have had considerable experience in steam- 
eugine trials know that small errors occur if great care is not taken. 
There may be undetected leakages in valves and piston, or the steam may 
not be what is called dry on admission, without its being observed, and the 
efficiency ratio of that particular engine may be low in consequence. The 
same type of engine better fitted and worked with drier steam would give 
better results. 

Engine trials are exceedingly useful, both scientifically and practically ; 
but the engineer has to take into account the local conditions of the appli- 
cation of the engine, the capital expenditure, cost of upkeep, etc., in 
selecting the machinery to be employed. It must also be observed that 
the particular conditions imder which the engine is to be worked may 
make it necessary to use a system of steam distribution which does not 
give a high efficiency ratio, as in the case of mining engines having heavy 
pit-work, where it is expedient to work compound engines on the Woolf 
distribution of steam, and not on the receiver system, for many practical 
reasons. 

«79 
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Odessa Water Works — ^Dniester Pim^iiig Station. 

OmClAL TUAL, MADB BT ThIODORB PlATTB, 22NI> AFBIL 1908, OF A TeIFLB- 

ExPANfiioM Ihvkete3> Ybbtical CoBLifis Thkbk-Crauk Botatiyb Pumpuo- 
Ehouix. 

No. 1 Fcrdiig Engine. 

Dnntion of Trial, 6 hoon. 

Service. — To foroe 51 million gallons of water in twenty-four hoora agaanat a liead 
of from 880 ft to 460 tL, incloding friction. 



DlMEMSIOHS OF EnoUTB AMD BOILBBS. 

Emoimb. 
Diameter of cylinders, ..... 



One piston-rod to each cylinder, 
Effectiye piston area, high-pressure, top, 

„ bottom, 

intermediate-presBure, top, 

„ bottom, 

low-pressure, top, 

bottom. 



91 



if 



99 



tt 



99 



»f 



9t 



»> 



tf 



II 



It 

Stroke, 

Diameter of pump-rams, 

Mean area, • 

Stroke, 

Mean ratio of steam cylinders, 

Volume described by high-pressure piston per stroke, 

intermediate-pressure piston per stroke 
low-pressure piston per stroke. 

Mean clearance volume, high pressure, 



i» 



99 



If 



II 



II 



II 



II 



11 



intermediate pressure, 
low pressure, 

BOILKBS. 

Babcock and Wilcox type, with superheaters ; 54 tubes, 4 
in. in diameter, 18 ft long each ; drum 8 ft in diameter, 
24 ft long. 

Number of boilers under steam, .... 

Total heating surface, ..... 

Total grate area, ...... 

Chimney: 

Height, ....... 

Internal diameter, ...... 

Draught, . . . . . . 



II 



II 



II 



II 



20 in., 86 in., and 

54 in. 
5 in. in diameter. 
814*16 sq. in. 
294-58 
1017-9 
998*8 
2290-2 
2270-6 „ 
8 ft 6 in. 
17 in. 

226*98 sq. in. 
8 ft 6 in. 
1:8-82:7-5 
7*89 cub. ft 
24-5 „ 
55*42 „ 
*1I4 cub. ft., or 
1 *51 per cent 
*271 cub. ft, or 
1*09 per cent 
•545 cub. ft, or 
*97 per cent 



4872 sq. ft 
92 



II 



140 ft 
6-5 „ 
Natural. 
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EcofumiiBer: 

820 pipes, 4 in. in diameter, 9 ft. long. 

Total heating surfaoe, .... 

SuperheaUr: 

Total heating sorfaoe, . • • • 

CowUer and Ofauge Readings : 

Total reTolutions in six honn, 

Revolntions per minute, .... 

Pump delivery gauge, mean pressure, 
,, suction »i »> > • 

Head on pumps in feet by pressure gauges, 

Mean steam pressure — absolute, 

in high-pressure receiver (actual), 
in intermediate - pressure receiver 
(actual), 

Mean vacuum in condenser, • 

Absolute pressure in condenser. 

Temperature corresponding to condenser pressure, . 



>i 



*i 



II 



II 



2880 sq. ft 



568 



13,689 
87-88 
800 ft 

20 ft below gauge. 
820 ft. 

195 lbs. per sq. in. 
27 



II 



i» 



27-75 in. 

0*89 lbs. per sq. in. 
98 deg. Fahr. 



Condensed Steam and Jacket Water : 

Total steam through cylinders in six hours, 
„ jacket steam in six hours, 
„ steam in six hours, . 

Cylinder steam per hour, . 

Jacket steam per hour, 

Total steam per hour, 

Jacket steam per cent of total steam, 

Indicator Mecaurements : 

High-pressure cylinder. 
Intermediate-pressure cylinder. 
Low-pressure cylinder, 
Total indicated horse-power. 
High-pressure pump, 
Intermediate-pressure pump. 
Low-pressure pump. 
Total indicated pump horse-power. 



. 24,660 lbs. 
. 8,786 „ 

. 28,896 „ 
. 4,110 „ 

. 622-6 „ 

. 4782-6 „ 

. 18*15 percent 



151-81 LH.P 

128*758 

141-888 

416*901 

128-677 

128-76 

127-801 

884*688 



If 
II 

»i 
II 

K 



£ngine Results : 

Water pumped in six hours, slip neglected, 

,, „ per hour, slip neglected. 

Effective head by gauges, . 
Pump horse-power by pressure-giaugee, 
Consumption of steam per hour, 
Steam per pump horse-power hour. 
Indicated horse-power. 



1,408,884-4 gala. 
284,722-4 „ 
820 ft 
879-85 
4782-6 Ibe. 
12-47 „ 
416-901 
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Steam per indicated horse-power hour, 

Mechanical efficiency -j*;?:^' , . 

• I.H.F. 

P.H.P. in water lifted 



fi 



tf 



i> 



>> 



If 



ft 



i.ap. 

Heat transferred to feed water per pound of fuel, . 
Heat transmitted per oquare foot of heating surface per 
hour, •.••••• 

Svp$rkeaUr: 

Weight of steam entering per hour, • 

Temperature of steam into superheater, 

„ f, out of superheater, . 

Amount of superheat, 

Heat transferred to steam per pound of fuel, 
Heat transmitted per square foot of heating surface per 
hour, •••■••. 

Sv/mmary : 

Heat transferred to boiler per pound of fuel, 

feed t» i» • • 

steam by superheat. 
Total heat from 1 lb. of fuel, .... 

Efficiency of boiler, economiser, and superheater combined. 
Total equivalent evaporation from and at 212 dega. Fahr., 

Thermal ResulU : 

Temperature of steam at engine, .... 
„ saturated steam (180 lbs. per square inch), 

Superheat at engine, ..... 

Temperature of condenser (exhaust). 
Total heat of steam supplied to engine reckoned from 

exhaust temperature per pound, . 
Liquid heat returned to boiler in feed water vid economiser 

by jacket drains from exhaust temperature per pound, . 
Jacket water supplied to boiler per minute. 
Heat supplied by boiler steam, . . . . 

Heat returned to boiler by jacket drains per minute. 
Net heat supply per minute, .... 

Heat supply per indicated horse-power per minute, 

„ water horse-power per minute, 

Heat equivalent of indicated work per minute. 
Thermal efficiency of indicated work. 
Heat equivalent of actual work done per minute, . • 

Thermal efficiency of actual work done per minute. 

Duty of ihs JBngine : 

Actual duty per 112 lbs. of coal, .... 
1000 lbs. of steam, 



11-85 lbs. 
92'26peroent. 

91 per cent 
638-9 B.T.U. 



124*2 



•• 



4782-6 lbs. 
879-6 deg. F. 
428 
48-4 „ 
196-8 B.T.U. 



193*5 



$9 



8686 B.T.ir. 
638-9 
196-3 
9521*2 „ 
75 per cent 
9-85 lbs. 



f* 



>t 



384*8 d^gai Fahr. 
379-6 
5-2 
98 






1184-2 B.T.U. 

254-3 „ 
10-37 lbs. 
89,454-3 B.T.U. 

2687*1 
86,817*2 
208*2 
228*6 
17,683 



i> 



)i 



II 



II 



II 



II 



If 



20*8 per cent 
16,088 B.T.U. 
18'5 per cent 



150,222,000 ft Iba. 
158.716,000 „ 
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Waltham Abbey Pamping-Bngme. — Fig. 249 illustrates & triple 
compound engine of the marine type, oae of the fiiet engines of the oltws 
used by Mr. W. Bryan at the Waltham Abbey Pumping Station of the East 
London Waterworks. Mr. Bryan and the author made a trial of this 
engine with the following resulte.* 

The engine on which the experiment was made ia a triple-expansion 
surface-condensing engine of the ordinary inverted direot^oting marine 



7la. 219. — TiipU-expansioii Pamping-ED^e, £ut Laaiaa 
Waterworki, Wtltbtm Abbey. 

type. It was fully described and illustrated in Engineering, 8th August 
1890, pp. 168 and 162. 

The diameters of the cylinders are IS, 30'fi, and 61 in. respectively. 
The stroke of each of the three cylinders is 36 in. Each piston cross-head 
is connected to its crank by a single connecting rod, and to a plunger 
pump by a pair of pump rods. 

There are thus three steam oylindeis, three connecting rods, three 
pairs of pump rods, and three pump plungers. Each of the three cylinders 
ia provided with an ordinary slide valve actuated by a separate eooentrio 
on the orank shaft The slide valve on the high-pressure cylinder is 
actuated direct by its eooentrio and is provided with a Meyer expansion 
* Ave init. iftcJuaiieai Engineen, 1891. 
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valye, by means of which the speed of the engine was regulated during the 
experiment The slide-valyes on the intermediate and low-pressure 
cylinders are actuated through variable expansion links, the positions of 
which remain unchanged throughout the trial. The crank shaft is placed 
above the pimips, and the cranks rotate in the sequence — ^high, low, 
intermediate. The fly-wheel is placed towards one end of the crank shaft, 
and beyond it there is fixed a crank actuating a pair of well pumps by 
means of rocking quadrants. The bodies and both ends of all three 
cylinders are steam jacketed, the cylinders forming liners in the body-jackets. 

Steam is supplied to these jackets through a pipe connected to the 
main steam-pipe on the boiler side of the stop valve. The steam to the 
jackets enters at the top on one side, and at the bottom on the opposite 
side ; and in ordinary working the high-pressure jackets discharge directly 
into the boiler while the intermediate and low-pressure jackets discharge 
through steam-traps into the hot well. The jackets of the high-pressure 
cylinder receive steam at full boiler pressure, and by means of reducing 
valves the pressures in the jackets of the intermediate and low-pressure 
cylinders are maintained a little higher than the pressures in their respec- 
tive valve-chests. 

Each cylinder is therefore jacketed with steam a little above its own 
initial pressure. 



ff 



»i 



» 



If 



Duration of ezperiment» • • 

Cylinder, diameter, high pressure, 

intermediate, 
low pressure, . 
Stroke, length. 

Mean pressure in boiler above atmosphere. 
Mean pressure in high-pressure jacket above atmosphere, 
Mean pressure in intermediate jacket above atmosphere. 
Mean pressure in low-pressure jacket above atmosphere. 
Mean effective pressure, total reduced to low-pressure 

cylinder, ..... 
Number of expansions, . • • . 

Revolutions per minute, • . • • 

Piston speeds, feet per minute, mean, • • 

Indicated horse-power, mean total, . 

Feed water, total used during trial, . 

per hour total, • • 

per I.H.P. per hour total, 
percentage less, with steam in jackets. 
Jacket water, total during trial, . 

per hour, .... 
from high-pressure jacket per LH.P. per hour, 
from intermediate jacket per I. H. P. per hour, 
from low-pressure jacket per I. H. P. per hour, 
total from all jackets per I.H.P. per hour, 
total in percentage of feed water, • 
Goal used during trial, . • • • • 

„ per I. H. P. per hour, • • • . 



»» 



»f 



I* 



II 



II 



II 



II 



II 



II 



II 



II 



II 



If 



II 



II 



II 



If 



II 



8 hours. 
18 ins. 
80*5 „ 

61 „ 
86 „ 

180 lbs. per sq. in. 

129 ,. „ 
28 
5*6 



II 
II 



II 
•I 



II 



16*80 
80 
22*9 
187*4 
188 

17,058 lbs. 
2182 ,. 
15-45 „ 
10*8 per cent 
1900 lbs. 
287*5 lbs. 
0*81 lb. 
0*68 „ 
0*88 „ 
1*72 lbs. 
11*1 percent 
1981 lbs. 
1-79 lbs. 



PDUPINO-BNOINE BCONOUT. 3S5 

Lea Bridge Fmnping-Engine.— Fig. 2S0 repreaents in outline a triple- 
expansion compound engine of the inverted marine type designed by Mr. 
W. Bryan, two of which have been erected at the Lea Bridge Pumping 
Stalnon of the East London Waterworks. A trial of this engine was 
repOTtedinthb PtoeeedingBo/ the Itutitiiiion of MeehaniealSnffineen, 1894, 
from which report we extract the following results. 

Detcryplion of Engiaea. — The engines tested were two in number, duplt- 
fates of each other. The ojUndere are 2003, 33-99, and 57-OR in. in 



Fifi. S50. — TripIe-eip«n«ioD Pumping- Engioe, East U>uiloii W»t«rworka, Lea Bridge. 

diameter respectively, each having a stroke of 46 in. The piston rods are 
each 6 in. in diameter, and the pump plungen, which form prolongations of 
the piston rods, are 30 in. in diameter, each plunger having a diaplaoement 
of 122-4 gallons per revolution. 

The orank shafts are placed under the pumps and revolve in the 
sequenoe — high, low, intermediate. All the oylindei^ are provided with 
Corliss valves and the Corliss ont-off ; the latter, however, is not imder the 
control of a governor, but is regulated by hand whilst the engine Is 
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running. Each engine is provided with its own surface condenser having 
1053 square ft. of cooling surface, and the steam passing through the 
engine during the trials was measured by the air-pump discharge. The 
water from the jackets of each cylinder was measured separately. 

The two engines experimented with are named ' North ' and ^ Central/ 
from their positions in the engine house. 

Jacketing. — Each cylinder has a jacket on the body, and one on each of 
the ends, the body jacket having a steam space of one inch. Drain pipes 
were provided, so that the water drained from the jackets of each cylinder 
could be measured separately. The pressure in any jacket could be varied 
by means of reducing valves. 

Glothing. — The cylinders and steam pipes are clothed with about 
2^ in. of ordinary composition, with the exception of the bottom covers, 
which are not clothed. 

Remits and Comparisons, — In the following table the thirteen trials 
are divided into three groups, and are arranged in these groups in their 
order of merit, according to the total consumption of steam per indicated 
H.P. per hour ; the steam pressures in the boilers and jackets are added. 





Steam-pressures, 






lbs. per Bq. in. aboye atmosphere. 










Steam 

per 
I.H.P. 




In Jackets. 




In 

Boiler. 






per hour. 


High -press. 
«Ucket. 


Inter. 


Low-press. 
Jacxet. 




Jacket. 




lbs. 


lbs. 


lbs. 


lbs. 


lbs. 


( 


Centred Engine {check trials). 






118-8 


113-0 


42-0 


29-6 


12-60 


1197 


•*• 


■ • • 


■ • • 


12-99 




Central Engine. 






118-8 


• • • 


• • • 


112-6 


12-89 


117-4 


112-7 


41-6 


9*8 


1816 


117-1 


■ • • 


1131 


111-3 


1319 


117-6 


B •• 


• • • 


• •• 


18-47 


117-9 


• • « 


113-2 


• ■ • 


13-66 


111-1 


-18-7 


-18-7 


-18-7 


18-94 




North Engine, 






117-0 


116-1 113-9 1 


• • • 


14-16 


116-8 


114-9 


112-4 


118-1 


14-24 


116-6 


118-8 


... 


• ■ t 


14-64 


116-7 


114-6 


... 


112-4 


14-69 


116-4 


.. * 


.*• 


>• . 


14-69 



Pumping-Engine at Wapping. — Fig. 251 is an outline sketch of a 
triple compound engine at the Wapping station of the London Hydraulio 
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Power Co., and the following reeulta of a trial are taken from a paper 



Via. 251.^Iripl«'eip*iiuoQ Pnmpiiig-Eiigina, LondoD HydranlTo 

Power Co., Wspping Pamping Station. 

by Mr. Ellington in the Minutes of Ftoceedings of the InsHiutuM of OivU 



Trials or a Triplk-xxpaksion Comfotthd Vbbticii, SnsncB-CoHSENBino Stbah 

PDMriKO-EMOINX and FAIKBAIRH-BbXLBY BoIIiKB at THX WAFFIXa PCMPINO 

Statiok or TH8 London Htsraulio Powbb Cohpant. 





1 

U>r<:h7, 

I89S. 


2 

March 11, 

1892. 


3 

Uarch 18, 

1892. 


March 26, 
1892. 


DnrkUoD or trial honra 

„ low-prearorB „ „ 

Stroko ft 

ToUl rwolnUoM, 

ATflntgs reTolatioD* per minute, . 
BiroTueter, . . in. of meccarr 

VuDDin , „ 

TotUI.H.P. 

Total be>Hiig aar&M, . . iq. ft. 

„ gmtOArei 

Pruanre of steun io lbs. , . per sq in. 

AuoDQt of eondeni^ ite^ fritm jicketl, j 
11*1 


> 

IS 

22 

88 

2 

81,672 

6976 

^S'8 

28 

179 80 

U-25 

800 

20 

1188 

8567 

247-8 

247B 


8 

28','23B 
C8'S2 
29 '4 
2774 

18S-63 
1478 

142-8 
845-8 
2G8-B 

2020 


• 

82,816 
8077 
29-9 
28-43 

208-B6 
15-26 

i/so 

567 -S 

828-1 

288-5 

2874 


S 

49,008 
W70' 
\ Hot 
J teken. 

486-3 
371-8 



* Two enginge mDning, one >t 66 '4 and the other at S6'3 revolution* per m 
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Trials of a Tbiplx-xxpansion Compound Vbrtioal Suxfaox-Condxnbiko Stxah 
Puiipino-Enoiks and Fairbaibm-Bxxlby Boilbr at thb Wappino Puhpino 
Station of thb London Htdbaulio Powbb Compant— con^inuAi. 



Ibe. 



t> 



Choi 

Quality, . . . • 

Total weight fed on to grates, 
,, ,, of clinker, eta, . 
Fuel bnrnt per hoar (indading clinker, \ 

etc.), Ibfl. j 

Fuel burnt per square foot of grate, 

„ oonsnmed per I.H.P. per hour, 
Calorifio Talne of dry coal, . . | 

lbs. of water per lb. of coal ( 



I* 



Feed-vxUer. 

Feed temperature on entering eoonomiser, 

•Fahr. 

Feed temperature on entering boiler, 

•Fahr. 

Heating surface of eoonomiser, sq. ft. 

Total water eyaporated, . . lbs. 

Water evaporated per lb. of fuel (wet), , , 

}i i> »i »» (^^'y^ 

from and at 212° (calculated) lbs. , 
Thermal efficiency of boiler, including 

eoonomiser, . . . per cent 

Amount of feed- water per I.H.P. per 

hour (engine), .... Ids. 
Steam-pipe condensation and loss* per 

I.H.P. per hour, . . . Ids. 

Total feed-water, 

Total quantity of water pumped, gallons. 
Accumulator pressure, . lbs. per sq. in. 
Water pumped per owl of coal consumed, 

gallons 



Maroh 7, 
1892. 



2 

Maroh 11, 
1892. 



8 

Maroh 18, 
1892. 



March 25, 
1892. 



(Inland) (Nixon's Navigation.) 

8744 
162 

416*0 

20-8 

• • • 

15-5 



8287 
114 


8200 
196 


2774 
287 


865-2 


400-0 


808-2 


18-26 
2-08 


20-0 
2155 


15-41 
1-49 


18-76 


11-76 


15-65 


67-4 


66-8 


72-2 


204-7 


208-2 


194 1 


1875 

26,199 

7-97 


28,006 
719 


28,865 
10-22 


9-96 


927 


12-25 


72-6 


78-9 


78-2 


16-14 


14-59 


14-10 


1-06 


0-9 


1-16 


1619 
160,800 
727-8 


15-49 
140,600 
728-5 


15-26 
160,880 
795 


6580 


4920 


6495 



68*6 
215-8 

4lV584 
11-11 

18-44 
86-7 



285,228H 
800 -Ot 

7086 



PnmpiDg-Eiigiiies at Liverpool Waterworks. 

Trial of a Triplb-Ezpansion Pumpino-Enginb at thb Liybrpool 

Watbbwobks, by Mr. J, Pabet. 

Diameter of cylinder in in., • • • . 15, 28, and 88 

Length of stroke, . . . 



Net area of cylinders, eaoh end, • 

Clearance, per cent, high pressure, 
„ ,, intermediate. 



•{ 



8fb. 

167 sq. in. 
406 „ 
1125 n 
2-8 
2-1 



* Long range of steam-pipes for several engines. The condensation alone was 
about 0*5 lb. perLH.P. 

t Calculated at 4*8 gallons per revolution. t Approximately. 
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deftranoe, per cent., low preasare, • 

First reoeiver, capacity in cubic ft., • 
Second ,, „ „ . 

Total steam re-heating sorface, in sq. ft., 
Number of single-acting pnmp rams, 
Diameter of single-acting pump rams in in., 
Diameter of single-acting air pnmp 

„ „ feed pnmp 

Stroke of pumps in ft., . 
Number of gallons delivered per revolution. 



t» 



>» 



2 

7-8 

141 

188-5 

8 

32 
10 

li 
8 

148 



Engine Tsst. 
Average Temperatures — 

Engine room, . • 

Water in suction tank, • 

„ hot well, 

„ feed tank, 
Exhaust steam from low pressure, 
Discharge from heater, • 



Average Presturea — 

Steam gauge at separator, in lbs. , 

Vacuum gauge, in in., .... 

Water-pressure gauge, in ft, 

Height of gauge above water level in suction tank, in ft, 

Total head pumped against, in ft., « 



JUvdluUoM^ 

Total number per counter, 
Per minute. 



71*5 deg. Fahr. 

58*28 
101*6 
178*88 
126 
125 



182*6 
26*58 
85*85 
16*54 

102*39 



Steam ueed— 

Air-pump discharge, in lbs., . • 

,, „ per hour. 

Water discharge from jacketing traps, 

M i> M per hour, 

Total steam used, .... 
„ „ per hour, . • 

Water discharged from separator trap, • 
Drains from steam pipes, . 

Water discharged from safety valves and other leaks. 
Percentage of steam unaccounted for to total steam generated. 
Percentage of jacket to total steam generated, , 



20,875 
. 88*958 



19,684*5 
1,968*45 
8,281*6 
828-16 
22,9661 
2,296-6 
850*5 
69 
1,646*4 
8 
14*8 



Average Indicated Horee-pcwer — 




High-pressure cylinder, top, 


. 21*4 


,, ,1 bottom, . • , 


. 20-5 


Intermediate-pressure cylinder, top, 


. 27-9 


„ „ „ bottom, . 


. 291 


Low-pressure cylinder, top, • 


. 88*9 


„ „ bottom, • • 


. 41*8 


ToUl, 


. 179-6 



19 
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Pump Hone-power — 
High pressnre, 
Intermediate prefianre, 
Low presrare, 



Total, 



Frictioii hone-power, per cent., 

Delivered horse-power in water lifted, 

Mechanical eflSciency, 

Actaal steam used per I.H.P. per hour, ».&, air pump, plus 

jacket discharge. 
Actual steam used per delivered horse-power per 



hour, 



ft 



RdaUve Volv/mes of Cylinders — 
High -pressure cylinder, . 
Intermediate, . . 

Low pressure, . . • 

ExpamgionSy etc, — 

Mean cut-off in high-pressure cylinder, 
„ „ intermediate 

,, ,, low-pressure 

Mean total expansions, 
Mean terminal pressure absolute, 



Pump Test — 

Total gallons lifted, 

„ „ per hour, 

„ ,, per minute. 

Average height of lift in ft.. 
Total ft lbs.. 

Duty per cwt. of coal used, 
Duty on 1000 lbs. of steam, 
Pounds of coal per I.H.P. 



. 55-5 
. 63-7 
. 55-6 

. 1647 

. 6 
. 156 

. 86-8 



1276 
U72 



1 

2-43 

676 



•86 
•45 
•38 
18-8 
71 



8,015,500 

801,550 

5,025*0 

. 102-39 

3,087,570,450 

181,730,000 

134,333,000 

• 1*46 



Pnmping-Engine at Hamptoa — Fig. 252 represents the outline of a 
compound engine by Mr. Restler at the Hampton station of the South wark 
and Vauxhall Water Co. Professor T. Hudson Beare's trial of it is 
reported in the Proceedings of the Instittdion of Mechanical Engineers, 
1894, to which report we are indebted for the following particulars. 

The c^rlinders are 32 in. and 52 1 in. in diameter, each having a stroke 
of 84 in. The piston rods are each 6 in. in diameter. 

The engines are provided with ordinary D-slide valves, one at each 
end of each cylinder, each D-valve having a Meyer expansion valve. 
The valve chests are prolonged to the ends of the cylinders, thereby 
securing short ports and veiy small clearance volumes. 

The main pumps are of the vertical piston type placed one under 
each cylinder, and are worked direct from the engine cross-heads by means 
of vertical rods arranged so as to pass the crank shaft. Each pump is 
19 in. in diameter, and has a 7-ft. stroke and works against a head of about 
180 ft. of water. 
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The air pnmp and feed pump are actuated by a beam from the croseh 
head of the high-pressure cylinder, and the circulating pump by a similar 
beam from the low-pressure cross-head. Each engine has a surface 
condenser containing 553 tubes 7 ft. long and 1 in. in outside diameter, 
with a total cooling surface of 1040 sq. ft. The diameter of the feed 




Fio. 252.— Gompoiind Pamping-EDgine, Soathwark and Yanxhall 

Water Co., Hampton. 



pump is 4| in., of the air pump 24 in., and of the circulating pump 13 in., 
the first has a 27 in., and each of the latter has a 39 in. stroke. 

Before the feed water enters the boiler it passes through an economiser, 
and is raised some 70** or 80* in temperature. 

The bodies and ends of both cylinders are jacketed ; also the receiver, 
steam passages, valve chests, and covers. The cylinders form liners 
within the body jackets. The jackets are supplied with steam by separate 
pipes leading from the main steam pipes. The cylinders and steam pipes 
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are coated externally with 2 in. of Leroy's non-conducting composition and 
lagged outside with wood. 



Duration of trial, . ^ . 


• t 


> 


6 hours. 


Namber of expansionay • « # • 


• 


876 




Steam Pres9ipre9 — 








In boilera— above atmosphere, • 




94-7 lbs. 


per sq. in 


„ high-pressure steam jacket above atmosphere, 




92-9 




„ low-pressure steam jacket above atmosphere, 




911 




„ intermediate receiver above atmosphere, . 




13-6 




„ oondenser, absolute, 


I . 




2-8 




Barometric pressure, absolute, 


• 




14-8 




Mean effective pressure H.P. cylinder. 


• • 




82-16 




„ ,, L 1 . ,, • 


1 ■ 




10-81 




„ „ total, reduced to L.P. 


cylinder. 




22-07 




Revolutions per minute. 


• 




21-28 




Piston speed, ft. per minute. 


1 . 




297 




I.U.P. high-pressure cylinder, . , 


t • 




228-9 




„ low- ,, „ • 


» ■ 




200-6 




„ total, . • • • , 


t • 




429-6 




Dryness Fraction of Steam — 








In high-pressure cylinder after cut-off, • • 


• 


79-4 percent 


„ ,, before release, 


• 


92-1 „ 




„ low-pressure ,, „ 


• • 


• 


86-9 „ 





Air-pump Diseharge Water — 

Per hour, 
„ I.H.P. per hour, . 



11 



tf 



>» 



9$ 



6284 lbs. 
14-68 „ 



240 



t» 



Jacket IFaUr— 

From high-pressure jackets, per hour, 
low- 
reoeiver 
Total jacket water per hour, . 
, , per X. tx* X ■ „ • 

„ in per cent, of total feed water. 

Feed Water, inehtding Jacket Waters 

Total per hour, . . • • • 

„ per I. H.P. per hour, .... 
Saved per lb. of jacket water. 
Percentage less feed water, with steam in all the jackets. 

Absolute Pressures, lbs, per sq, in, measured from Indicator Diagrams — 

Maximum initial in high-pressure cylinder, . . .99-2 lbs. nq. in. 

At cut-off in high-pressure cylinder, . • . .79*4 

„ release ,, n • • • • 26-1 

Minimum exhaust in high-pressure cylinder, . .19-1 

Maximum initial in low-pressure cylinder, • , .23-8 

At release in low-pressure cylinder, . • • ,8-0 

Minimum exhaust in low-pressure cylinder, • . •8*6 



288 


>f 


67 


»» 


646 


i» 


1-27 


t9 


8-0 




6829 lbs. 


16-90 


»• 


1-89 




10-0 





II 
If 
II 
II 
If 
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>l 



fl 



l> 



Temperature range in high-pressnre cylinder, 

„ low- „ 
of air-pnmp discharge, . 
Boiler steam, total heat per lb., 
Air>pump discharge, total heat per lb., 
Jacket steam, latent heat per lb., • 



Beat passing through EngvM — 

Through cylinders per stroke, 

,, jackets „ 

Total through engine per stroke, 
Equivalent of I. H. P. „ 
Thermal efficiency, • • 



102* Fahr. 

98' „ 
1184 Th. U. 
66 „ 
879 „ 



2768-0 „ 

289'6 „ 
2997-6 „ 

482-4 „ 
14-4 per cent. 



Pmnping.Eiigmes at the Copenhagen Waterworks. — At the Copen- 
hagen Waterworks there are a considerahle number of compound 
condensing piimping- engines of the beam type. The following is an 
account of the experiments made by Mr. F. Ollgaard on a pair of engines 
of this type, coupled together on the same crank shaft, and working 
four water pumps, two from each beam. Each of them consists of high- 
and low-pressure cylinders, the walls of which are jacketed with steam, 
but not the tap covers. The dimensions of the engines are as 
follows : — 



High-preasure cylinder. 
Low- „ „ 

Main water pumps, 



Diameter. 


Stroke. 


19 in. 


8 ft 8-6 in. 


81 „ 


6 f, 6 „ 


20 „ 


4 „ 7-8 „ 



Two Cornish boilers furnished the steam used during the trials, which 
was supposed to contain 5 per cent, of priming water ; the feed-water was 
measured into these boilers by a Kennedy water-meter. 

The water pumps gave an efficiency of 98 per cent, of their 
contents. 

The subjoined table gives details of two sets of experiments, one with 
steam in the jackets, and one without. In the latter set it was not 
possible to run the engines faster. 

The jacket water was carefully measured. When the jackets were on, 
the pressure on the jacket of the high-pressure cylinder was 40 lbs., in that 
of the low-pressure cylinder 37 lbs. per sq. in. For each pound of 
steam condensed in the jackets about 5 lbs. of steam were economised in 
the cylinders. It will be seen that there is a considerable gain in economy 
due to the jackets. The quantity of steam condensed in the high-pressure 
cylinder during admission was caloolated at 28 per cent, of the total. The 
total expansion in both cylinders was about 10. It was reckoned that about 
5 per cent, of the total heat was withdrawn from the walls of the cylinder, 
and carried off to waste in the condenser. The table gives the chief points 
of interest in these experiments 
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Tablk of Expbrimbntal Results with and without Stbam 

IN Jackkts. 



Number of revolatioiiB per minute 

Mean boiler pressure, lbs. 

Mean temperature of feed water 

Consumption of dry steam per H.P. per hour of 

water raised (jackets included), .... 

Steam (with 6 per cent, water) per lb. of Newcastle 

Consumption of coal per I. H.P. per hour of water 
raised, lbs. 

I.H.P. for eacb engine 

Efficiency of engine (proportion between work done 
in water raimd ana indicated work), . 

Consumption of dry steam per I.H.P. per hour 
(jackets included) lbs. 

Work due to the high-pressure cylinder in percentage 
of total 

Work due to the low-pressure cylinder in percentage 
oftotal 

Proportion of consumption of steam in the jackets 
to total, per cent. 

Condensation of steam in the cylinder daring ad- 
mission, per cent. 



With Steam 
in Jackets. 



24 

53 

T£' Fahr. 

227 lbs. 

7-67 

8 

sri 

85-22 percent. 
19-8 
52i 
47i 
6-26 
28 



Without Steam 
in Jackets. 



19 

64*8 

74" Fahr. 

28-6 lbs. 

7-48 

8-8 
66-7 

83 *45 per cent 

28-8 

60 

40 

••• 
40-4* 



LoBseB due to Working Oonditioiu. — If we take the case of a 
mining or waterworks engine running continuously, the loss in economy 
due to the irregularities of stoking, temporary imperfections in working, 
and management, will not in well-organised works amount to more than 
from 10 per cent, to 15 per cent, of the total coal used, compared with that 
computed from a twenty -four hours' well-conducted trial, but in most cases 
this loss is much larger. 

In the London Hydraulic Power Supply Works, where the demand for 
power is chiefly during twelve hours out of the twenty-four, but of a varying 
quantity, and where the steam must always be kept up, Mr. £llington 
calculates the losses as follows : — 



Coal utilised at efficiency of trials, calculated on total output. 

Coal wasted through intermittent running, based on an ex penmen t at 

Falcon Wharf, ....... 

Coal used in keeping steam up in boilers and engine-jackets when 

stopped during nights and Sundays, and changing over boilers, . 
Steam used for other purposes, variation in quality of coal, defective 

stoking, etc., ••••••. 



Per cent, of 
total coal. 

60 

20 

12 

8 
100 



In pumping establishmeDts, where the engines are only worked during 

* Iroc^ iTist. Civil Engineers^ voL civ. p. 889. 
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the daytime, and not on SundajH, 30 per cent, more coal is often consumed 
than that calculated from the results of a twelve hours' trial ; but much 
depends on the stoking and the boiler losses during the time the engines 
are stopped The steam pipes may be of great length, and both pipes and 
boilers may be imperfectly clothed. 

No exact rules can be laid down to meet the yariations which occur. 

Load Factor. — Various definitions have been given of the term ' load 
factor,' but for certain purposes the following will be found convenient. 

The load factor is the ratio between the avei'age output per hour and 
the maximum output in any one hour during the year. 

Let a, 5, e, d, fig. 253, represent to scale an area equal to the total work 
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d / Time. 

Fio. 258. — Diagram illiiatratlDg the term * load fiMtor.' 
The shaded area repreaentB work done, and the rectangle a, b, c, d the work which 
would have been done if the engines had worked fully loaded the whole of the 
time. The load factor may be applied to a day's or a year's work. 

which the engines would have done if the mean power had been equal to 
the maximum during the period, the vertical line representing work and 
the horizontal line time ; then if the engines work fully loaded half the 
time, the work done would be a, e,/, d, or 50 per cent, of the whole. The load 
factor on this basis might then be expressed by *5 (the unit being 1), or 
by * 50 per cent.' 

It would not| however, have a definite meaning if the rectangle a, 5, r, d 
represented one year's possible work, and a, e,/, d half a year's work when no 
work was done during the other half of the year. The load factor is only 
applicable for the period during which the machinery is working. 

If the speed of the engines varies, then the work done would be 
represented by the area enclosed within the dotted line, and the load 
factor by its percentage value relatively to the total area of the rectangle. 
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The diagram may be made for a single day's work, but to be of 
commercial and practical value it must represent the average day's work 
taken over a long period. Load factors may have different constructions^ 
according to the purpose to which they are applied. 

It will be seen that unless the load factor is simply applied to questions 
relating to the saving in fuel or steam, the reserve power must be taken 
into account, as it has a direct bearing on the capital charges and cost of 
upkeep of the whole power, part of which is represented by reserve power. 

It is obvious that the term ' load factor ' may be made use of in several 
ways. It is exceedingly useful in showing at a glance what is not so 
readily understood when expressed in figures. 

The Birmingham hydraulic power supply is produced by means of gas 
engines, and the following table shows to what extent the economy of gas 
has been secured by increase in the output. 



Tear ending 


Total Water Pumped 

into Hydraalic System, 

Million Gallons. 


Consumption of Gas in 

Cubic Feet per 1000 Gallons 

Pumped. 


8l8t March 1894, . 

„ 1895, . 

„ 1896, . 

1897, . 


2*448 
8182 
8*585 
4726 


555 
489 
886 
808 



Large engines of the same type and quality are nK)re economical than 
smaller ones. In small works the general establishment charges and 
wages are together often far more than the coal bill ; all these conmiercial 
considerations must be taken into account in designing the works. 

Influence of Load and Speed of an Engine on Economy. — In collieries 
it is seldom that the pumping shaft has to be deepened after the colliery 
has been put to work, therefore the pumping-€hgine generally starts with 
its fiiU load ; but in metalliferous mining it is quite different, as in these 
the shafts are frequently deepened and the load on the engine is conse- 
quently increased. The friction of the engine is not largely affected by 
the increase or decrease of load. Assuming that 3 lbs. per sq. in. is all 
that is necessary for friction, then, if the total indicated load on the piston 
is 25 lbs., the mechanical efficiency of the engine would be 88 per cent. ; 
but assuming that the friction remained the same, and the total indicated 
load was reduced to 12 lbs., then the mechanical efficiency would be 
reduced to 75 per cent. The real economy of a pumping-engine should be 
estimated not on the indicated, but on the pimip H.P., and, taking the 
engine and pump together, in H.P. of water actually pumped. 

The load then may remain constant or be an increasing one, according 
to the conditions under which the engine is being worked. 

Variations in speed also affect the economy, but when the variation 
does not exceed 20 to 25 per cent, it is not very important, except in the 
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oase of centrif ngal pumps, where the best results are obtained at a critical 
speed suited to the lift For this reason the efl&cienoy of reciprocating 
pumps under variations of speed and lift is much more uniform than that 
of centrifugal pumps. 

In ordinary pumping- engines the importance of a high average pressure 
consistent with steam economy per I.H.P. is very great, for not only does 
it increase the mechanical efficiency, but it also reduces the percentage loss 
from back pressure. An additioncJ back pressure in the condenser of 1 lb. 
would be 3-3 per cent, only if the mean indicated pressure was 30 lbs. ; 
but it would be 10 per cent if the mean pressure was only 10 lbs. The 
mean pressure usually employed in Cornish and old-fashioned beam engines 
was 13 lbs. per sq. in., and the economy fell off very rapidly with increase 
in the back pressure of the condenser. 

It has been shown in the ehapter on Cornish Engines that the modem 
double cylinder or compound Cornish engine is worked with a water load 
of 30 lbs. or, say, 33 lbs. indicated. This engine starting with only half 
its load would have an indicated load of 16 5 lbs. more than the full load 
of the old type of engine. Its mechanical efficiency is therefore not so 
much reduced by light loads and back pressure. 



CHAPTEE XV. 

CKNTBIFUGAL AND OTHSB LOW-LWT PUMPa 

Low-Lift Pumps. — Low-lift pumps are required for the drainage of 
lands and for many other purposes. The quantity of water to be lifted 
is large compared with the power. The problem presented is that of 
the best application of power under the circumstances. The general 
impression has been that a piston pump largely decreases in efficiency with 
low lifts, and that for very small lifts its efficiency is very low. If, how- 
ever, the lift exceeds 12 or 15 ft., the mechanical efficiency of a properly 
designed piston pump is as high as that of any other kind of pump for the 
same lift, and generally it is higher. The valid objections, however, to 
piston pumps for very low lifts are their larger size and the number of 
valves necessary. 

The Scoop Wheel is a rotary pump much used for low lifts in the 
drainage and irrigation of lands, etc. Its application has been much 
restricted since the introduction of the centrifugal pump. The scoop 
wheel is a kind of reversed undershot water-wheel, and is illustrated in 
fig. 264. 

Signer Cuppari, in a paper in the Proceedings of the Indituiion of 
GivU Engineers^ vol. Ixxv., gives the following particulars of scoop wheels in 
use in Holland. 

The Halfweg pumping station has six float wheels with a combined 
width of breast of 38'70 ft. The external diameter of one of the wheels is 
23 ft, that of the other five, 21-33. The internal radius is 5*92 ft. The 
floats, twenty-four in number, are inclined to the radius, so as to be tangen- 
tial to a circle concentric with the wheel, and having a radius of 2*85 ft. 
The centre of the wheel is at 5*6 ft. above datum. The steam-engine has 
four separate valves, with expansion regulated by hand (of the old double- 
acting Cornish type). The steam cylinder is 3*33 ft. diameter by 8*0 ft. 
stroke. There are three boilers always in steam, each having 538 sq. ft 
of heating surface, and carrying a maximum steam pressure of three 
atmospheres. The driving axle is connected on each side by toothed 

gearing to a shaft carrying three wheels. The speed is reduced in the 
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ratio of 13-S to 6. The wheels are all upon the same shaft, built up of 
several pieces, which cau be coupled up as required. 

Three sjatema are adopted in the construction of water-wheels, which 
differ in the method of traosmitting the force. In the firat system the 
force is transmitted hy a driving-aile and spokes acting as struts ; in the 
second b; a wheel with teeth upon the circumference, the aile and spokes 
acting as struts ; and in the third b; a similarly toothed wheel, but with 
a double set of rods in tension instead of apokes. The Dutch still adhere 
to the first system, although, according to Redtenbacher, it is not suitable 
when the power is 10 or 12 H.P., as large wheels of this kind are relatively 
very heavy. Thus the ItAlian wheels at Bresega, near Adria, which are on 



Fio. 254.— Scoop Wheel. 

the third system, have an external diameter of 39'4 ft, an internal diameter 
of 26'25 ft., and a breadth of 6-66 ft, and are the largest known in 
Holland or Italy. The displacement of water is about 6300 cubic ft per 
minute per wheel. The axle of these wheels has a diameter at the thickest 
part of I'll ft. and 1-25 ft at the bearings. The wheels at Katwijk, 
which are on the first system, are only 29*5 ft in diameter, yet the axles 
of the furthest wheels are of the same diameter as above. 

At Zeeburg, near Amsterdam, there are eight wheels of the most 
recent construction, 26 ft 3 in. in diameter and 10 ft 6 in. across the 
breast. The driving-axles of the wheels furthest from the motor are 
1 ft 6 in. in diameter, and weigh over 6 tons. Each wheel has four 
sets of spokes, eaoh set weighing 4 tons. The driving-axles nearest the 
motor are nearly twice as lieavy 
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There are 282 cubic ft. of oak and 222 cubic ft. of pine timber in each 
wheeL Compared to the mass and weight of material, the volume of water 
raised, amounting to 7063 cubic ft. per minute per wheel, seems small. 
The velocity of a point on the periphery is about 208 ft per minute, which 
in Holland is considered moderate, but in Italy high. In this system of 
construction the axle is subject both to bending and torsion; in the 
suspension system to bending only. 

Mr. Zangirolami of Adria constructs wheels with curved buckets 
capable of raising water to a height equal to ^ of the radius ; they give 
excellent results. 

Instead of two toothed wheels, one at each side of the wheel, he puts 
one toothed wheel in the middle, thus avoiding the practical difficulty and 
expense of two cogged wheels of precisely similar pattern on the one hand, 
and the twisting effect produced by a single cogged wheel when placed at 
one end of the wheel on the other. 

At Half weg the driving-axle is of cast iron, solid, 1 ft 2 in. in diameter 
near the motor and 10 in. at the further end, with enlargements at the 
joints. The framework of each wheel is formed of three sets of spokes, 
which are cast in one piece with the nave and ring, or rather each set is 
cast in two parts and bolted together. The whole weight of one wheel 
with its aj^le is probably about 15 tons. 

For the proportioning of scoop wheels Mr. Forster gives the following 
formula : — 

D=9-82 VH, 

in which D is die diameter of the wheel and H the height from the 
bottom of the wheel to the highest level to which the water has to be 
raised, but Mr. Wheeler gives 8*75 ^H as more nearly representing 
English practice. 

Sometimes the scoops are curved. The wheels at Zuidplas in Holland 
have curved scoops. Diameter of wheel, 32*8 ft ; dip of scoops, 3*28 ft.; 
head of water, 11 '8 ft H in the above formula is then — 

ll-8 + 8-20=15-08ft. 

The largest scoop wheel in England is 50 ft. in diameter. 

The maximum speed of a point in the periphery is usually 8 ft. per 

second ; 30 ft. wheels usually make 4 to 4^ revs, per minute. The 

displacement efficiency is found to be about 80 per cent, and when driven 

by steam engines, the total efficiency, that is, water H.P. divided by 

W H P 
indicated H.P., has been found to be about 60 per cent. ■ ' ' * = -60 . 

Higher efficiencies have been obtained, but much depends on the 
conditions of application and working. 

A wheel proportioned for a high lift will give a low efficiency at a low 
lift, and naturally so. An engine working a wheel with 2 ft lift has been 
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found to use 5*5 lbs. of coal per W.H.P. ; but when the lift was reduced to 
1 ft., it used 14 lbs. of coal, and at 6 in. lift 50 lbs. per W.H.P. 

Of course the increased consumption was principaUj due to the 
reduced efficiency of the steam and the reduced mechanical efficiency 
of the whole plant ; very little was probably due to the reduced efficiency 
of the wheel itself. The same thing happens with centrifugal pumps, 
though not to the same degree. Mr. Barker gives the following results 
of trials with a centrifugal pump where the lift was varied : — 

Lift =1 2-40 8-80 720 

Coal per W.H. p. =9 -87 8-22 7*71 6*60 

The angle for the scoops of scoop-wheels, or floats as they are some- 
times caUed, is determined by the following consideration. 

The scoops usually dip from the radial line about 40 degrees, and 
from tangents to a circle concentric with the wheel The centre of the 
wheel is fixed so as to divide the head and dip equally, except when the 
lift is great. The dip is seldom more than 6 ft. 

The efficiency or ratio of discharge to displacement of bucket and 
piston pimips has been found for lifts of about 13 ft. to be 89 per 
cent. ; but much wiU depend on the design and mode of application of 
the pump. Signer Cuppari gives the following as his experience in 
Holland. 



Total naefnl effect, • 

Float or scoop wheels, 
Lift and force pnmpe, 
Centrifugal „ 



W.H. p. 
I.H.P. 
67 per cent. 
70 
46 



i> 



11 



Signer Guppari gives the relative cost per W.H. P. of pumping stations 
ill Holland in the following table. 



Scoop wheels, 

Screw pamps, 

Centriragal pnmps, .... 
Piston pumpe, 


Buildings. 


Machinery. 


Total. 


£ 
46 14 

84*i20 

... 


£ 
46-28 

... 
86-8 

... 


£ 

92-42 
94 
71 
72 



Piston and Bucket Pomps. —The chief disadvantage (apart from the 
complication of the machinery itself) in the use of piston and bucket 
pumps, as compared with the centrifugal pump, is that the delivery is 
constant for a given speed at all lift.s, whilst with the centrifugal pump a 
reduction in the height of the lift increases the rate of delivery. There is 
thus a saving in the average time occupied in pumping. 

Oentrifugal Pumps. — There are two forms of centrifugal pumps, one 
having a vertical and the other a horizontal spindle; both forms are 
illustrated in figs. 260 and 263. 
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The horizontal spindle pump is usually termed a 'cased' pnitip, 
is self-contained, and is driven from the engine by means of a belt or 
gearing, or is actuated direct from the engine shaft. The pumps having 
vertical spindles are so arranged as to be always charged or submerged in 
the well or shaft below the engine. To keep the horizontal spindle pnmp 
always charged it is necessary to place it in a dry well below the lowest 
water level, the water being supplied by a suction pipe through the side of 
the well. 

When the pump is above the water level a charging apparatus is 
required, and that involves a foot valve in the suction pipe. Before the 
pump can deliver water it must be fully charged and all air excluded. 
The charging of the pump is sometimes effected by means of a steam 
ejector which ejects the air, and thus draws water into the pump through 
the suction pipe. 

The chief application of the vertical spindle pump is in draining lands, 
emptying and filling docks, etc. 

Examples of this class of pump are given further on. 

The action of centrifugal pumps may be thus described. 

If the pimip and pipes are full of water, and the fan is worked at a 
sufficient velocity, the centrifugal force imparted to the water in the 
fan will cause the water to be discharged from the fan casing ipto the 
discharge pipe, and to be drawn in from the suction pipe, thus giving 
rise to a continuous stream of water. 

To ensure a discharge, the centrifugal force must be more than 
is sufficient to support the full colunm of water. To support the column 
without any discharge, the velocity of the periphery of the fan must be 
at least equal to the velocity which a body would acquire in falling 
through the height of the column. 

Calling the velocity in feet per second Y, and h the height^ then 

Y 3= 8 JJi, but in practice the shape of the blades and the size of the fan 
influence the periphery speed. The velocity of the periphery of the fan 

necessJBiry to support the column without discharge varies from Y^S Jh 

to Yb9'5 Jh. Aa the velocity increases so does the discharge, but the 
discharge for a maximum efficiency is a matter of experiment. For results 
of experiments with centrifugal pumps, see the papers by Thompson and 
Parsons in the Proceedings of the InstittUion of Givil Engineers, The 
former author says : " The best duty is obtained when the speed of the 
periphery of the fan exceeds the velocity of a falling body due to the 
height of the lift by from 6 to 8 ft. per second, but the duty is not very 
much reduced when the excess of speed falls to 4^ ft. per second or rises 
to 14 ft. per second, as determined by experiment with lifts varying from 
6J to 20 ft." 

The same author says : " When a centrifugal pump, properly pro- 
portioned, is worked by a steam engine, the maximum duty that may 
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be ezpeoted is about 56 per oent. of the indicated power id the smaller 
pumps, rising in the larger ones to 70 par cent." 

Centrifugal pumps of modern oonstructiou vary veiy much in fonn of 




Flo. SGS.^Ceutrifagol Famp diiren dinet bj n 

blades ; some are made to curve forward at the tips. It does nol^ how- 
ever, appear that higher effioienoies are obtained than were secured by tiie 
beet pumps of former times. 



Fia. AGS. — Ganuifugal Pamp ftt Burnt fen. 

For ordinary pumps of medium use working under tile usual con- 
ditions, 50 per cent, efficiency is aa much as ia realised, but 60 per cent. 
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Fia. 267.— Centrifogal Pump at Burnt Fen. 
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is obtained with properly proportioned large pumps working under 
favourable conditions. An allowance must always be made from the 
result of special trials. Although a higher percentage may be obtained 
under special conditions of lift and speed, such conditions cannot be 
maintained in ordinary work. When using the term efficiency, we must 
distinguish between the efficiency of the pump itself and the efficiency of 
the pump and engine combined. The efficiencies just named are meant 
to be the combined efficiency of engine and pump> that is 

Water H.P. 



Indicated U.P. 



Let the efficiency of the pump itself be 70 per cent, and that of 
the engine itself 80 per cent, then the combined efficiency is 56 
per cent 

The centrifugal pump is not generally used for lifts of more than 20 
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Fio. 258. — DetailB of Pmnp Spindle and Onion Bearing of Centrifagal Pnmp 

at Bnmt Fen, 



to 30 ft, and experiments are wanting as to the efficiency with higher 
lifts. Elzperiments are being made with combined pumps in which several 
fens are mounted on one shaft with a casing forming several pumps, one 
discharging into the other, the total lift being the combined effect Thus 
three pimips, each equal to a head of 30 ft, would give a combined effect 
of 90 ft 

We are without any reliable data as to the efficiency of such pumps. 
It is only for special purposes, where the efficiency is not of great im- 
portance that they are likely to be used. 

In special cases centrifugal pumps may be driven by electric motors or 
a Pelton wheel directly fixed to the spindle of the pump. Fig. 255 
Ulustrates a pomp driven by means of a Pelton wheel used in one or two 
instances by the author in waterworks, for lifting the water from the 
storage reservoir to the filter beds^ a height of from 6 to 10 ft, the 

20 
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power for working the Felton wheel being obtained from the town 

Fig. 256 IB an illuBtratioo of a large centrifugal pump deeigned by the 
author for the Gambridgeehire fens. ^gs. 257 and 2fi8 give details of 
the pump and spindle. The fan ie S ft. 6 in. in diameter, and 10 in. deep. 
It lifts 120 tons of water per minute to a height of 12 ft, and is driven 
by means of a oompound condensing engine. The gearing between engine 
and pump is in the proportion of l'fi4 to 1. The pump has a free vortex. 
Above the fan is a shield to relieve the pump from preasure. 

I 
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The shield ia suspended by means of tie rods from a girder tiirown 
aoroBS the well, and is held in position by means of three brackets 
bolted to the outer oaamg, the brackets having inclined surfaces 
to minimize the reeistanoe offered to the water in the well during its 
upward spiral motion. So largely does the shield take off the pressure 
from the top of the fan, that in the normal condition of running the 
weight of the fan, shaft, and wheel, is almost entirely supported by the 
water passmg through the pump. There is no thrust block on the hn 
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spindle. The spindle is supported by the 'onion' bearing A, fig. 258, 
suspended from a girder. The onion is of steel. The bearing is of gun 
metal fastened on the top of the pump spindle. The bearing forms an oil 
cup. As the pump is so well balanced, there is little weight on the 
* onion ' after the pump begins to deliver its water. 

The following table of the results of trials made with pumps having 
different forms of arms or blades is given in Thompson's paper : — 



Appold's Cbntrifugal Pump. 











Velocity 


Ratio 

Percentage 

of power 

to effect* 




Height of 
lift in ft 


Dischaige 
in Gallons 
per minute. 


Revolu- 
tions per 
minute. 


of Oircuni- 

ferenoe in 

ft. per 

minute. 


With radial arms, . 


18-0 


474 


720 


2262 


24 


With straight inclined 












arms, .... 


18-0 


736 


690 


2168 


48 


With curved arms, . 


8-2 


2100 


828 


2601 


69 


»i II • • 


9-0 


1664 


620 


1948 


66 


I* II * * 


18-8 


1164 


792 


2988 


66 


1) }i • • 


19-4 


1236 


788 


2476 


68 


»i II • • 


27-6 


681 


876 


2761 


46 



The above experiments were made with the object of ascertaining the 
best form of fan blade. 

Experiments were also made by Thompson with the pump illustrated 
in fig. 259 at the Leith Docks, with the following results: — 



R. 


I.H.P. 


S. 


S'. 


£.8. 


H. 


£.• 


1690 


116 


42 08 


84 08 


7-99 


12*0 


49 


172-2 


120 


42-84 


39-80 


8-64 


16 


69 


182-0 


102 


46-26 


48-88 


1-89 


19-6 


69 


196-0 


81 


48*60 


43-94 


4-66 


20-0 


70 



R. =ReyolutionB of fan per minute. 
LH.P. = Indicated H.P. of the engine. 

S. = Speed of periphery of fiin in ft. per second. 

S'. = Speed of peripheiy of fan due to lift, as per formula 9*826 \/h. 
E.S. = Excess speed over that given by the formula, 
H.= Height of lift in ft. 
E. = Efficiency per cent 

Parsons, in a paper (Proceedings of the Inetitution of Civil Engineers^ 
vol. xlvii.), gives the following results of experiments with the pump 
illustrated in fig. 263. 

* The ratio of power to effect was measured by means of a dynamometer. 
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Experimented efficiencies obtained by R C. Parsons on a 14-in. revolving 
fan, 10-in. suction, and 10-in. discharge, made on the Appold principle. 



BevolntioDs 
per minute. 


Gallons 
per minate. 


Lift in fL 


Ft-lba. 


ElBoiencies 
percent 


Water raised. 


Indicated 
Power. 


892 
894 
895 
400 
405 
425 
481 
485 


1012 
1108 
1197 
1481 
1695 
1108 
1431 
1695 


14*67 
14-70 
14*65 
14-75 
1476 
17*20 
17*40 
17-60 


148-461 
162*875 
175-864 
211 078 
251-987 
190*576 
248-994 
298-810 


298-488 
817*158 
882-186 
874-954 
419-790 
888-816 
447-552 
486-050 


49-74 
51-35 
52 80 
56-20 
60*17 
48-97 
53-68 
61-37 



The casing had a spiral form and the arms of the fan were curved as 
shown. 

Other experiments were made with the different forms of fan-blades or 
arms shown in the other figures and with a concentric casing, but with 
inferior results. 

Eixperiments were also made with the vertical spindle pump (fig. 260). 

One series was made with the Rankine form of fan (fig 261), and another 
with the Appold fan (fig. 262). The latter gave the better result, but the 
efficiencies were not equal to the best results now usually obtained with 
vertical spindle pumps. The best result with the Appold fan was 50 
per cent, of the dynamometer power, and the best with the Rankine fan 
39*6 per cent. Vertical spindle pumps and engines on a large scale give 
efficiencies from 50 to 60 of the indicated H.P. 

Ea^perimentdl Teats of Gentj-i/ugal Pumps by Mr, W, 0. Webber, — Mr. 
Webber explains that the use of the term efficiency indicating the value of 

Water H.P. 



Indicated H.P. 



for such pumps as are driven by an engine direct, does not therefore 
show the full efficiency of the pump, but that of the combined pump and 
engine. It is, however, a very simple way of showing the relative values 
of different kinds of pumping-engines, the motive power of which forms a 
part of the plant. 

In calculating the efficiency of the pump, the cubic feet of water passing 
over the weir, as measured by the hook-gauge, is converted into lbs. by 
multiplying by 62*3 ; this multiplied by the height from the level of wsXer 
in the tank when the pump is running to the centre of the discharge pipe 
gives the number of lbs., which number, when divided by 33000, indicates 
the quantity of water horse-power being developed. 

The power utilized is measured by the dynamometer in terms of dynamo- 
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meter hone-power ; the water horse-power dmded by the dynamometer horse- 
power shows the effioienoy of the pump being tested ; or, to formulate, 

^T — ;, „ E tbe dBci«nej of sach putiipt u irs diireu by ■ Mt 

Fig. 264 flhowe the efficiency ourres for difierent Teloeitiee, plotted from 
teets made of two pumps with 5-in. apertures. 

These teets were made under an average elevation of 17 ft, the pumps 
in both oasee draughting about 9 ft and discharging 8 ft. higher. The 
upper curve a b was the result of tests made with a pump that was very 
clean and smooth inside. The lower curve c d was made with a pump in 





A 



Fioa. seo 



nliutntioDa of CaDtrifagal Pomp* luad in Panan'i Eipeiimentl. 



which, through oareleesness in the foundiy, the core sand had been allowed 
to burn into the inside face of the volute or casing and water passages. 

The difference between these two curves (which, by the way, are remark- 
ably uniform) shows the absolute necessity of having the inside of all such 
pump castings very smooth and free from the slighteet roughness. These 
teste seem to show that the efficiency rises very gradually and uniformly 
until the water reaches a velocity equal to 11^ ft per seoond. The 
highest efficiency with a pump of this sise is apparently obtained with a 
velocity of 12 ft- per seoond, after which point the efficiency falls very 
rapidly. 
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Oomparatwe Trials of Piston PumpB and Gentriftigal Pumps.*— The 

establishment of Messrs. Schaeffer, Lalance & Ck>., at Pfastatt, uses daily 
from 8000 to 10,000 cubic metres of water, drawn (until 1885) from the 
river Doller by means of ten centrifugal pumps. To obtain a supply of 
water with a more constant temperature, a well was sunk in the water- 
bearing strata near the river, and 20 to 45 gallons per second drawn by 
means of two * conjugated ' centrifugal pumps supplied by Messrs. Nent & 
Dumont. Subsequently the means of supply were extended, and piston 
pumping-engines were constructed capable of drawing and delivering 90 
gallons per second into the tank already constructed for the centrifugal 
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CALLOM or WATER PER MINUTE TO 17 FEET ELEVATION 

Fio. 264.— Wobbei''8 Experiments with Contrifagal Pump. 

pumps. The opportunity was emhraced of making test-trials of the two 
systems of pumping — ^by centrifugal pumps and piston pumps — ^imder 
identical conditions, from the same well with the same lift, by the same 
discharge pipe into the same tank of large capacity. The discharge pipe 
delivered the water over the edge of the tank, and the head of pressure 
was therefore constant, whatever might be the level in the tank. 

The centrifugal pumps were erected in 1872, and had worked till the 
time of the trials in May 1888 without needing repair. The suction pipe 
was about 12 ins. in diameter, and the delivery pipe 10 in. But to 
deliver the required quantity, 37 gallons per second, through an average 
height of 39'4 ft., the pumps were 'conjugated,' so that one followed 
the other in succession, and could perform the required duty at a speed of 
520 turns per minute. The steam engine employed to drive the pumps 
had a cylinder 21*65 in. in diameter, with a stroke of 39} in. The 
revolutions of the pumps were recorded by a counter. 

* iVoe. In$i, Civil Enffimers, vol. xcvi. p 428. 
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Each trial lasted from 4^ minutes to 7^ minutes. The leading results 
were as follow : — 

DuTT OP Conjugated Cbntripuoal Pumps. 



Trial 



Speed of engine in turns per min., . 

„ M , pumpa „ „ . • 

Mean lift, ft 

Duty in water lifted per turn of engine, . 
Indicated work in cylinder for one revolu 
tion, ft. lbs., 



Duty, percentage of engine power, . 



46*9 

470 
85-61 
15,549 

82,125 

percent 

48-4 



M. 



49*6 

506 
85*59 
16,448 

87,105 

percent 

44-8 



N. 



52*6 

588 
85-64 
17,741 

48,000 

percent 

41-25 



0. 



60-0 

611 
85-71 
19,589 

56,419 

percent 

84*72 



The bucket pumps and steam engine oonsisted of a horizontal compound 
receiver steam engine, connected by bell cranks to foiir pumps in the well. 
The. first cylinder was 19, and the second 33 in. in diameter; the stroke 
common to both cylinders 36 in. The buckets of the ptunps were 22 in. 
in diameter, with the same stroke as the engine, 36 in. 

The pumps worked well and without shocks at speeds up to twenty 
revolutions per minute. The engine and pumps, together with the carriage, 
duty, and erection, cost £2160. 

The total weight was 69 tons, costing £31, 6s. per ton. 

The trials, nine in nimiber, lasted from 3^ minutes to 7 minutes. The 
leading results are given in the annexed table. 

Duty op Piston Pumps and Engines. 



TriaL 


A. 


a 


D. 


B. 


P. 


Q. 


H. 


L 


K. 


Speed in tanu per 




















minute. 


13-44 


20-8 


18-4 


SB-? 


24-6 


26-1 


18-7 


10-8 


18-8 


Mean lift, ft, . . 


86-46 


80-08 


80-28 


80*41 


80-62 


80-00 


80-21 


80-81 


80-19 


Datj in water lifted 




















per torn, ft Ibi.. . 
Indicated work in 


09,680 


71,079 


71,484 


71,789 


71,768 


72,196 


70,710 


70,019 


71,406 




















cylinder for one 




















turn, ft Ibi., 


99,036 


108,089 


101,811 


100,220 


100,080 


111,080 


102,820 


99,202 


90,716 


Duty, percentage of 


percent. 


percent. 


percent 


percent 


percent 


percent 


percent. 


percent 


percent 


engine power. 


70-20 


08-66 


70-6 


9f9 


07-4 


04-0 


70-0 


71-40 


78-8 


Batio of water actu- 




















ally lifted to cal- 




















culated quantity, . 


0-992 


IH) 


0-996 


0-998 


01)06 


0-998 


0-998 


0-090 


1-0 



It is notable that the percentage of datj decreases as the speed of the 
engine and pumps increases, thus — 
In the trials — 

KAIDHCEFG 
the speeds in turns per minute were — 

13-3 13-4 16-3 18-4 18-7 20-3 227 245 261 
and the percentages of duty were — 

73-8 70-2 71-4 706 700 685 679 67-4 646. 



CHAPTER XVI. 

HTDRAUUC RABfS, PUMFIKG MAINS, ETC. 

Hydraulic Bams are hydraulic machiues by means of which water is 
raised by utilizing the energy of a moving colunm of water. If the motion 
of a column of water in a pipe be suddenly arrested, the energy of the 
column wiU be spent in increasing the pressure in the pipe, and if the pipe 
be provided with a branch leading to a higher elevation, some of the water 
will rise in the branch, due to the increase in pressure. The energy of 

the column is equal to -^- — , in which W « the weight of the water and 

y the velocity in ft. per second. Let the column be 40 ft. long with a 
capacity of 4 lbs. of water per ft., and the velocity 5 ft. per second, then 

— equals an energy of 60 ft. lbs. or that required to raise 1 lb. of 

water a height of 60 ft. ; if the utilized energy » 70 per cent., then -7 of 
a lb. of water would be raised 60 ft each time the water column 
acquired the velocity of 5 ft. per second, and was suddenly arrested. The 
construction of the hydraulic ram is illustrated in fig. 265. 

A is a pipe from a stream or reservoir, B a valve opening downwards 
(which we will call the momerdum valve) into the pipe C. A branch from 
the pipe C has an air vessel fixed on to it, and containing a non-return 
valve D. A pipe E conveys the water raised to the cistern. Let the 
valve B be opened, then the water in the pipe A will flow through until 
its velocity is sufficient to lift the valve B. The said valve will then 
suddenly dose and the energy of the moving column in the pipe A will 
be spent in raising some of the water through the air vessel to the cistern. 

When the energy has been thus spent^ a reaction is set up, the valve B 
falls by its own weight, and the operation repeated. During the reaction 
a little air is drawn in through the snifting valve S, thus keeping the air 
vessel charged. 

fiydraulic rams have been said to have given an efficiency as high as 
60 to 70 per cent, but in ordinary practice the efficiency is low. The 
length of the pipe A is important in relation to the height to which the 

3ia 
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water has to be lifte(L For a given fall its length should be proportional 

to the height of the delivery. The lift of the valve B should be adjustable. 

Bams have been made to lift water by suction, by means of an 




Fio. 265. — Simple Hydraulio Ram. 

independent water supply. Leblanc's ram is of that kind, and is illus- 
trated in fig. 266. 

G is the independent source of supply of power water. It is required 















Fio. 266.— LebUnc's Syphon Hydnnlio Rami. 

to lift from F to K Aba floating momentum valve, and H a non- 
return valve. The rush of water through the pipe D from G causes the 
valve A to close. The energy of the water in D carries the water forward, 
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and tending to form a vacuum in front of the valve H, causes the water 
in G to follow the water in D ; some of the water in F passes into the 
pipe D, and from there to the cistern K 

When the energy of the water is spent, it commences a retrograde 
motion because of the syphon action between F and E. The valve H then 
doses, and the valve A is forced open, when the action just described is 
repeated. This ram is made double-acting by putting two rams side by 





^''•Xv^ 




• ~" ^~ ~™ ■ ^^k. 



^/r^F/^rh-JrV^O? 



Flo. 267. — Lemichel's Hydraulic Syphon Bam. 

side, and connecting the valves A by a beam, so that one goes down when 
the other goes up. 

Syphon rams have been constructed in which the ram is above the 
source of supply, as in ^g, 267. 

The ram is at A, the momentum valve at B, the non-return valve at 
0, and the discharge at D. Water is syphoned from E to F, and part is 
delivered by the action of the ram at D. To ensure the continued action 
of the ram, it is necessary that the syphon shall be kept free from an 
accumulation of air, ajtid the inventor, Lemichel, accomplishes this by 
providing an outlet air-valve at H, and a flexible diaphragm in the pipe 
at I. The result is that the reaction in the pipe E, after the closing of 
the momentum valve, expels the air through the valve H. 

Pearsall's H3rdrau]ic Sam. — Large rams have been made with 
momentum valves operated, not by the flow of the water in the supply 
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pipe, but by independent means. Pearsall's ram is of that class. It is 
made to pump a larger quantity of air than that required to keep the air- 
vessel charged, and the surplus air is used to work a small air engine 




Fig. 268.— Section of Pearaall'i Hydraulic Ram for forcing water. 

which operates a large eqiulibrium momentum valve, quietly without the 
hammering action of the oidinary momentum valve. 

This ram is shown in fig. 268. A is the flow-pipe (of a certain length 
depending on the fall and other circumstances of the case) conducting 
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water from the source to the tail-race B. C is the main valve, opening 
aod closing commuuication with the tail-nMse. D D are deliver; valrea 
opening into the air-veeeel K F is the delivery pipe. The main valve 
IB opened and shut hj means of a small motor Q, worked by the oom- 
pressed air from the air-veaseL H is an air-valve canying a float J, the 
distance of which from H is adjustable b; means of a screw K and rod L. 

The action b as follows : — 

The flow-pipe being full of water, the main valve is opened by the 
motor, and water flows into the tail-race, thus putting into motion all the 
water in the flow-pipe, the chamber M also emptying itself iuto the tail- 
race and beiug filled with air through the valve H. 

After the flow has continued for a certain time— say, for example. 




'fiyi^J;iH^Vl?l?lt^^ 



f 
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a, U the momeDtDm valva ; b, ■ piston in ■ cylinder ; d, ■ pnmp plnngcr ; e, tha 
■nctiou, and /, the delivsrj ralve of the pump ; g, the sactiou pipe for olran water. 
There are nany othai waja, inffidentlf obviooa, of applying hydraulic ranu for 
thii pnrpom. 

two aeconds— the main valve is closed by the motor. During the closing 
of the valve the flow of the water is not checked, as it can rise without 
resistance in the chamber M, the air freely escaping by the valve H. 
The motion of the valve C need not, therefore, be rapid. When the 
nuun valve is closed and the water has reaohed a certain height in 
the chamber, it raises the float J, and closes the air-valve H. If the 
float be 3dju8''yl so as to close the air-valve, while there is still some air 
in the chaiabtir, *;bi>t air is then compressed (by the energy of the column 
of water) till ite presiure equak that in the air-vessel, when it and some 
of the water is forced into the air-vessel. Water thus continues to flow 
into the air-vessel until the energy of the column of water in motion is 
exhausted by the tesistanoe in the ^r-vessel, when the column of water 
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comes to rest^ and the delivery valves gently close. The action of the 
motor is timed, so that after this has taken place the main valve is again 
opened, and the cycle of operations is repeated. 

Of course water flows out of the air-vessel continuously under pressure 
through the delivery pipe F. 

It is not necessary, ordinarily, to conflne and compress more than a 
very small quantity of air in the chamber. 

If the small quantity necessary to supply the motor be confined, it 
will suffice for all the cushioning that is desirable. In starting the 
machine, however, it is an advantage to adjust the float so as to force in 
a considerable quantity of air, to fiU the air-vessel with compressed air^ 
and reduce the water level to a height of a few inches only above the 
valves, at which height it can easily be kept, thus avoiding the in- 
convenience arising from a mass of water above the valves, and thus 
utilizing the full capacity of the air-vessel. 

Hydraulic rams supplied with impure water are used for raising 
clean water, the source of each kind of water being distinct. The power 
may be applied to a piston actuating the piston of a pump. A very obvious 
arrangement is that shown in fig. 269. 

The Taylor Hydraulie Air Compressor is described by the inventor 
in the following terms. 

Fig. 270 shows a complete compressor ; its details are as follows : — 

A. Penstock or watar lapply pipe. 

B. Beoeiring tank for water. 

0. Compressing pipe. 

D. Air chamber and separating tank. 

E. Shaft or well for return water. (The required pressare is proportional to the depth 

of the water in this shaft. ) 

F. Tail-race for disohaige water. 
Q. Timbering to support earth. 
H. Blow-oif pipe. 

1. Compressed air main. 

J. Headpiece, consisting of — 

a. Telesooping pipe with 

h. Bell-mouth casting opening upwards. 

e. Cylindrical and oonoidal casting. 

d. Vertical air supply pipes. (Each pipe has at its lower end a number of 
smaller air inlet pipes branching from it towards the centre of the com- 
pressing pipe.) 

d. Adjusting screws for varying the area of water inlet. 

/. Hand- wheel and screw for raising the whole headpiece. 
K. Disperser. 
L. Apron. 

M. Pipes to allow of the escape of air from beneath apron and disperser. 
N. Legs by whioh the separating tank is raised above the bottom of the shaft to allow 

of egress of water. 
P. Automatic regulating yalve. 

The water is conveyed to the tank B through the penstock A, 
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where it rises to the same level as the source of supply. In order to 
start the compressor, the headpiece J must be lowered by means of 
the hand-wheel / so that the water may be admitted between the two 
and e. The supply of water to the compreeeor, and consequently 



Fio. 270. 



Fia. 271. 




=b/^ 



[rbjm 



the quantity of compressed air obtained, is governed by the depth 
to which tbe headpiece is lowered into the water. The water enters the 
compressing pipe between the two castings b and e, passing among, and 
in the same direction as, the small air-inlet pipes. A partial vacuum is 
oreated by the water at tbe ends of these small pipes, and hence atmos- 
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pberic pressure drives the air into the water in innumerable small 
bubbles, which are carried by the water down the compressing pipe C. 
During their downward course with the water the bubbles are compressed, 
the final pressure being proportional to the column of return water 
sustained in the shaft E and tail-race F, Fig. 271 shows the relative 
sisse of the bubbles as they descend in a compressing pipe, 116 ft. 
in length. When they reach the disperser E their direction of motion 
is changed, along with that of the water, from the vertical to the 
horizontal. The disperser directs the mixed water and air towards the 
circumference of the separating tank D. Its direction is again changed 
towards the centre by the apron L. From thence the water flows outward, 
and, free of air, passes under the lower edge of the separating tank. 
During this process of travel in the separating tank, which is slow 
compared with the motion in the compressing pipe C, the air, by its 
buoyancy, has been rising through the water and pipes M M from 
under the apron and disperser to the top of the air chamber D, where it 
displaces the water. The air in the chamber is kept under a nearly 
uniform pressure by the weight of the return water in the shaft and 
tail-race. 

The air is conveyed through the main I up the shaft to the automatic 
regulating valve (of which a diagram is given), and from thence to 
the engines, etc. The air pressure in the main and air chamber increases 
1 lb. per sq. in. for each 2 ft. 3^ in« that the water is displaced downwards 
in the air chamber by the accumulating air. The variation in pressure 
from this source will not be more than 3 lbs. per sq. in. in a working 
plant. As the automatic valve requires a change of only 1 lb. per 
sq. in. pressure to close it completely, it will be evident that by properly 
adjusting the valve some air can always be retained in the air chamber, 
and that the water can be prevented from ever reaching the inlet to the 
air main. 

If a large quantity of air has accumulated in the chamber, the valve 
allows of its free passage along the main, but when the air is being used 
more quickly than it is accumulating, and the pressure decreases below 
a certain point, because the chamber is nearly emptied of air, the valve 
shuts partially or completely, adjusting itself to the supply from the 
compressor. 

When the air has displaced the water almost to the lower end of the 
compressing pipe, it escapes through the blow-off pipe H. 

Syphons. — A syphon-pipe is a pipe used to convey water from one 
level to a lower level over an intervening higher level automatically, thus 
avoiding tunnelling or excavating. 

Let A, fig. 272, be a hill over which water is to be taken from reservoir 
b to reservoir e, and let the height d be less than that of a column of water 
at atmospheric pressure ; then, if the ends of the pipe be submerged, and 
the air be exhausted from the pipe at e, the pipe will become filled with 
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water. As the pressure of the water oolumn e e is greater than that of the 
water-<x)luinn 6 by water will descend from « to e, and ascend from hUy e^ 
under atmospheric pressure, and a stream will he set up from btoc. To 
maintain this stream it is necessary that no air shall he allowed to collect 
in the pipe. Air collecting at e would destroy the action hy reducing the 
effective atmospheric pressure sustaining the column of water in the shorter 




Fio. 272.— Ordinary Syphon Pipe. 

leg of the syphon e h. To exhaust the air from the syphon, and to preyent 
its subsequent accumulation therein, an air pump is fixed at e and worked 
as occasion requires. 

The accumulation of air is guarded against in various ways. 

Let the longer leg of the syphon e, fig. 273, be at a small angle with 
the horizon, then a moderate velocity of water through the pipe will be 




Fxii. 278. — Syphon in which air will not collect, but is entrapped with the water 

and dischai^ged. 

sufficient to catch up and cany with it the air which otherwise would 
collect at e. 

It constantly occurs in engineering practice that special cases have to 
be dealt with. The following is an interesting case met with in the 
author's experience. 

A pumping main was to connect a reservoir on one side of a hill with 
a reservoir on the other without tunnelling, and the water was to be 
pumped through during the day only. A syphon arrangement would 
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meet the requiretnenta, provided air could be prevented from aocumulating 
at its apex during the cessation of pumping. This apex was too far away 
from the pumping station to allow of an apparatus requiring personal 
attention being placed there, therefore an automatic control of the syphon 
action had to be devised. In fig. 271 d is the pumping station, e a stand 



a. 

3^, 




i'lG. U74. — Pampfng Main over a hill kctuifc ss ■ >7photi in reilooing the pnTDpEng head 
pipe on the apex of the syphon, e the dischoige end of the pipe. An an 
T&lve is placed in the stand pipe e, and a weighted valve at e. When the 
main was charged, the air escaped from e, and water rose in the stand pipe. 
The pressure thus produced lifted the valve at e, and the syphon action was 
started. The water flowed into a bucket, which, when full, further raised 




Fio. !TG. — Hydnolie llain crcnsing a tiUcj, mually tainted an inrerted tjpTiOD, 
the flow being from a to t. 

the valve at e by means of the lever, and kept it fully open. When pump- 
ing ceased the water in the bucket escaped by a small hole in the bottom, 
and the weight on the valve caused it to close again while the ^phon was 
still filled with water. 

Inverted Syphonfl ao-oalled are pipes carried across Talleys, as in fig. 
275, and ai« merely depressions in the pipe. They present no special 
features or difficulties in tbemselves, but special applications often require 
special provisions. If the syphon is a long one of such a capacity as to 
involve a risk of flooding from its bursting, a valve should be placed at a. 
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which will close the pipe automatically directly the velocity of the water is 
increased by the bursting of the pipe. This may involve an overflow into 
a water-course at a to take away the water when the pipe is closed. 

SyphODB have been used to drain fen lands. Mr. Wheeler, in his book 
on the Drainage of Fens, thus describes the Middle Level syphons. 

" When an accident occurred to the Middle Level sluice on the river Ouse, 
in 1862, it became necessary to place a solid dam of a very substantial 
character across the drain ; and in order to afford means of discharging the 
water from the drain into the river, syphons were erected under the 
direction of Sir John Hawkshaw. 

" The sjrphons erected at the Middle Level were sixteen in number, laid 
across the dam at an inclination of 2 to 1 on either side, each end 
terminated by a horizontal length containing the upper and lower valves. 

** The upper surface of the lower pipes was laid 1 ft. 6 in. below low 
water of spring tides, and the top of the syphon was 20 ft. above the same 
level. The syphons were of cast iron, 1^ in. thick, 150 ft. in total length, 
and 3 ft. 6 in. in diameter. They were put into action by exhausting the air 
from the inside by an air pump worked by a 10 horse-power steam engine. 
These syphons continued in use fifteen years. Owing to their capacity not 
being sufficient to cope with heavy floods, and to discbarge the water with 
sufficient rapidity, there was frequently a difference of more than 4 ft. 
between the level of the water in the drain and that in the river, the 
average varying from 2 to 3 ft., a very serious loss in such a fiat district. 
It being found that the cost of adding a sufficient number of syphons to 
drain the fens effectually would be greater than that of building a new 
sluice. Sir J. Hawkshaw reluctantly advised the latter course, although 
contending that the syphons were right in principle." 

The discharge of a syphon running full and free from air is that of a 
pipe of the size and length of the syphon with a head of water equal to the 
difference in level between the inlet and the outlet. Valves, bends and 
other obstructions must, of course, be taken into account and allowed for. 

Hydraulic Mains. — When water is at rest in a main or pipe the pressure 
on the sides of the pipe is that due to the head of water above that 
particular part regardless of the cross section of the pipe, but when the 
water is in motion that is not the case, and the lateral pressure on the 
pipe will be influenced by the altered condition. 

Assume that a main is under pressure from a service reservoir. 

With the water at rest, the pressure is that due to the head of water 
above the pipe, but when the water is in motion part of the pressure head 
is changed into velocity head, and the lateral pressure on the side of the 
pipe becomes less ; but if the velocity be suddenly checked the pressure 
becomes more, because the vis viva of the water is spent in creating an 
additional head or pressure. The flow of water in a pipe of varying capacity 
is illustrated in the following figure (276). 

Let the water be flowing from the reservoir a to the reservoir b through 
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ft pipe of vaiying capacity. The difference in the levela of the water in a 
and b, together with the friction through the pipe, will determine the rate 
of deliveij; but as the pipe has a varying crosa section the water will 
move in different parts of the pipe with difTereat velocities. In the narrow 
parts it will move quickly and in tlie wide parte Blowly, but in all parte of 
the pipe (ueglectiug friction) the sum of the preaaure and the velocity 
heads will be the same. If vertical pipes be inserted in the sides of the 
pipe at pointa of different cross section, as shown in fig. 276, then the 
pressure head at those pointa will be indicated by the height of the water 
column in the vertical pipes. 

Neglecting friction, the total head is A and the velocity head is h\ 
Where the pipe is very much enlarged then the pressure head is nearly 
the full head, and thu velocity head is very small. (It is on this principle 
that the Venture water meter ia oonstructed.) 

If a stop valve be placed in the pipe close to b, when closed the water 



Fio. 276. — DiigTsin illnstrtting the flow of water in a pipe of varying croM section, 
And ebawiog ths head o( water due to preMora and that dns to valnoity. 

would stand in the vertical tubes on a level with the reservoir a. On 
gradually opening the valve the columns would fall because some of the 
pressure head k would become changed into velocity head h\ On closing 
the valve again the columns would rise, and if closed suddenly the water 
would rise to a greater height than that of the reservoir b, because the vis 
viva of the water would be spent in creating additional head ; this leads to 
a consideration of the effect of velocity in long mains. 

In Chap. IV., fig. 72, we have considered the effect of momentum of 
water in mains in connection with pumping-engines from one point of view; 
we will now consider the question of safety of mains, the water in which is 
subject to sudden changes of velocity. Let us assume that a long pumping 
main is controlled by an air-vessel and that there is a uniform flow through 
the air-vessel to the reservoir. 

If the supply to the air-vessel be suddenly stopped, the momentum of 
the water will^arry it forward, reducing the pressure in the air-veosel; a 
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reaction will then take place, and the water will then flow backward into 
the air-vessel, and the reciprocating action will continue till the vii viva of 
the water has been absorbed in friction. 

With a long length of main and a high velocity of water the reaction 
on the ^r-vessel may be dangeroits. 

Assume the main to have a capacity of fi gallons, or 60 Ibe. per ft., 
with a length of 6000 ft., the velocity of the water being 3 ft. per second, 
then the energy of tlie water will be 

6000x60x9^3 
64 

The area of the pipe in section would be 450 eq. ins. 

S6000_,, 
460 

Therefore if a piston of the same area as the pipe were mode to act as 



Fia, 277. — Hydreiilic Air CompreMor. 

a buffer to absorb all the energy, it would require a mean resistance of 
nearly 78 lbs. per sq. in. and a movement of I ft. 

In these calculations the friction of the water in the pipe has been 
neglected ; but it is readily seen that in pumping into long lengths of main, 
care should be Uken to start and stop the engines slowly. 

Belief valves are used to avoid accidents. 

Assume that there is no air vessel, but a retaining valve in its place, 
and that the supply through the retaining valve is suddenly stopped ; then 
the reaction would produce a great shook, the water reacting on the valve 
with the effect of the ' water hammer.' 

HydraoUo Air Compressor. — Fig. 277 represents a hydraulic air com- 
pressor designed by the author, in which a column of water of considerable 
height is used to oompresa the air, and in which the principle of the 
hydraulic tam is more or less brought into action. 

Referring to the figure, O ia the pipe bringing the water from an 
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elcTated reservoir, B is a valve boi having valves of the type described and 
iUuBtrated in detail in Chap. XII., fig. 212. 

C is a float for the purpose of actuating the Bubeidiary valve D, and 
admitting water under pressure from the column G for the purpose of 
working the main valve in B. Air is compressed in the vessel A and de- 
livered into the receiver E through a non-return valve not shown in the 
illustration. The mode of operation is as follows : — 

Water from the pipe G is admitted into the vessel A through the valve 
in B. The water rushing into the vessel A meets with a resistance in the 
compression of the air, but as the resistance is small to begin witb, the 
water in the pipe G acquires a velocity, and therefore momentum which is 
utilized in the final compression of the air and its delivery into the receiver 
E, The water level in A having risen to the float C, die float is pushed up. 



thereby reversing the position of the subsidiary valve D. Tho inlet valve 
in B then closes, and the exhaust opens. The water in A then runs out by 
gravity, drawing in air from the atmosphere through suction valves uot 
shown in the illustration, and the action is repeated. It will be seen that 
the momentum of the water for the final oompression will depend on the 
length of the pipe G and the velocity the water in it acquires during the 
oompreswon. 

F is an automatic drain valve for letting off any water which enters the 
receiver £. 

Sommeiller Hydraulic Air OominreBBor.— The early compressors used 
at the Mont Cenis tunnel were constntcted by the Cockerill Company at 
Seraing, to the designs of M. Sommeiller. The chamber K, fig. 278, having 
been filled with air at atmospheric pressure, the valve A is opened oud 
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high-pressure w&ter admitted at the bottom, thus coapreasing the ur above 
it as it fills the chamber. As soon as the pressure of air in the chaoiber 
exceeds that in the mains, the outlet Talves C are forced open, &nd the air 
is delivered to the receiver. The exhaust valve B is theu opened, and as 
the water level falls in the chamber K, air is sucked in through the inlet 
valves at d. The pressure at which the air is delivered depends on the 
head of water available. At the Mont Cenis installation, the head of water 
was 85 ft. and the air pressure 75 lbs. per sq. in. It made about 
three strokes per minute. In many respects this compressor gave good 
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results, but it was very bulky for the quantity of air delivered and the 
efficiency was low. 

Pohle's AirLift Fump.— In tig. 279, C is a water column extending some 
distance below the water level in a well or cistern. A pipe conveying com- 
pressed air is taken down to the bottom of the column and air is injected 
into the water in the column in an upward direction. The air mixing with 
the water forms air bubbles, and thus reduces the specific gravity of the 
water column, and the water in consequence rises higher in the pipe than 
the level of tlie water outside. It will readily be seen that the lift must 
not be very great compared with the submerNon. 
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It therefore becomes necessary to use the arrangement of double lifts, as 
shown at A and B, when the height to which the water has to be raised is 
considerable. 

Mr. H. C. Bebr and Mr. Rendall in America made some experiments 
with this pump to ascertain its efficiency. The general results are given in 
the following table : — 

Submersion of the column in ft.. 

Height to which the water was raised, ft, . 

Percentage of efficiency. 

The best efficiency was obtained when the pressure of the air did not 
greatly exceed that due to the submerged colunm and the height to which 
the water was lifted did not much exceed the submersion. The authors 
say, "That the efficiency in their trials did not take into account the 
efficiency of the air compressor. Therefore if that is taken as 70 per cent., 
then the total efficiencies in the above tables would be only 70 per cent, 
of the amounts given." It will readily be seen that the system is one of 
low efficiency. 
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system, 178, 191. 
power transmission, explana- 
tion of principle, 174. 
power transmission, high 

pressure system, 187. 
power transmission, Marseilles, 

182. 
power transmission, Marseilles, 

description of, 182. 
power transmission, Marseilles, 
results of working, 188-187. 
power transmission, Marseilles, 

cost of machinery, 186. 
power transmission, Marseilles, 
efficiency of machinery, 183. 
power ^nsmission power 

engine, 177, 188. 
power transmission steam ac- 
cumulator, 178, 181, 188. 
power transmission, water rod 

system, 175. 
power transmission, water rod 
system, at Devon Great Con- 
sols, 194. 
power transmission, water rod 
system, application at 
^rbrucken, 175-178. 
power transmission, water rod 
system, results of working, 
177. 
pumps, duplex, 191, 240. 

energy of water in 

motion, 193. 
shocks in, 192. 
underground, 179. 
ram, Leblanc's, syphon, 818. 
Lemichel's, syphon, 814. 
Pearsall's, 814, 815. 
simple, construction of, 

312, 813. 
special, 816. 
rams. Chapter XVT., 312. 
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Inclined shaft, 148-150. 

ti it pitwork, 148-150. 

,, „ plunger pumps, 150. 

Inertia of pump rods, water pressure 
engines, 238, 239. 
,, ,, water column, effect of, 84, 
85. 
Inverted syphon, 821. 

KiBBLB, 156. 

Klein pumps driven by electricity, 199- 

202. 
Kley mining engine, 104-106. 

Latent heat of steam. Dr. Black, 14. 
Lea Bridge pumping-engine, 285. 
Lean historical statement, 21. 

,, improvement of pitwork, 21. 

,, monthly duty records, 22. 
Leavitt triple exixansion engine, 264. 
Leblanc syphon hydraulic ram, 318. 
Leeds waterworks pumping-engine, 250- 

257. 
Leicester sewage works compound beam 

engine, 249. 
Lemichel syphon hydraulic ram, 314. 
Liverpool waterworks pumping-engine, 

trial of, 288. 
Load factor of pumping-engines, 295. 
Load and speed, influence of, on engine 

economy, 296. 
London waterworks pumping-engine, 248. 
Losses due to working conditions of pump- 
ing-engines, 294. 
Losses of steam engines, 27, 28, 80. 
Low lift bucket pumps, 301. 
,, piston pumps, 801. 
,, pumps, Chapter XV., 298. 
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Mair steam engine trials, 43. 

Man enffine, 148. 

Mansfield salt mine water pressure engine, 

227-228 
Marseilles hydraulic power plant, 182. 

hydraulic power plant, cost of 

machinery, 186. 
hydraulic power plant, descrip- 
tion of, 182. 
hydraulic power plant, efficiency 

of machinery, 183. 
hydraulic power plant, results 
of working, 184-186. 
Meyer cut-off valve, 210. 

,, ,, expansion valves, 216. 
Middle Level sypnons, 322. 
Mining engines, American, with spur 

gearing, 107, 108. 
American, with spur- 
ffearinff and equal- 
izing device, 108. 
at Calumet and Hecla 
mine, 106-108, 110, 
116. 
at Idria, Kley's sysU-m, 
result of working, 
104-106. 
at Michigan, 106. 
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Mining engines, Barclay's grasshopper, 

117. 

compound Cornish, 94- 
98, 109-111, 118. 

com(K>und, double-act- 
ing. 112. 

compound, inverted, 
113. 

differential engines, 84, 
115, 120. 

electric, 102. 

flywheel, 102. 
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Lley's, 104. 
,, cost of, 106. 
Regnier's, 108. 
rotative, 103. 
„ American, 106, 
107. 
types of, Chapter VI., 

102. 
underground, 126-135. 
underground, high lift, 

134. 
underground, condensa- 
tion in steam pipe, 
126. 
valves and nozzles of, 
113. 
Mont Cenis tunnel hydraulic air com- 
pressor, 325. 
Motion, energy of, formula for, 75. 
Miike mines, pump rods, 132. 

Newcomen and Cawley atmospheric 

engine, 5. 
Newcomen engine, 5, 12. 

,, ,, Beighton*8 automatic 

valve gear, 7, 8. 
,, ,, description, 8. 

,, ,, injection in cylinder, 

7. 
„ „ model of, Glasgow 

University, 14. 
Non-rotative pumping-engines, general 

principles of. Chapter IV., 75. 
Odessa pumping engine, 280. 

Parallel motion beams for pumping- 
engines, 96, 110, 115, 257, 259. 
Parson's experiments with centrifugal 

pumps, 307, 309. 
Pausing cataract, 205, 209. 
PearsalT hydraulic ram, 314, 315. 
Pelton wheel used for driving centrifugal 

pump, 244, 303, 305. 
used for lowering pumps, 
129. 

Perfect steam engine, consumption of steam 

in, 33. 
,, ,, „ definition of, 27. 

Pipe rods, 147. 
,, II of varying section, flow of water 
in, 323. 
Pit head frame, 119, 169. 
Pitwork, Chapter VII., 142. 
Cornish, 144. 
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Pitwork for inclined shaft, 147, 150. 
Pluto colliery, description of hydraulic 

nlant, 192. 
Pohle air lift pump, 826. 

„ „ ,, „ efficiency of, 827. 
Potter, Humphrey, 7. 
Progress of economy in pumping-engines, 

35,26. 
Pulsometer, 168. 
Pump column, inertia of, 64. 
rods, 142. 

„ catch pieces and banging 
beams, 182. 
forming rising main, 147. 
horizontal, 148. 
iron and steel, 142, 148. 
method of staying, 182, 147. 
timber, 142. 
vibration of, 145. 
weight of, 142. 
wrought iron, 142. 
▼alves, air pump, 69. 

butterfly, 17, 56. 
double beat, 66, 162. 
fishing tackle for drawing, 70. 
hat band, 69. 
husband, four-beat, 66. 
multiple ring type, 66. 
taper seatings, 154. 
Teague, 56. 
types of, 64, 65. 
Pumping by hand, coei of, 5. 

„ engines, development in Corn- 
wall, 20-26. 
main, motion of water in, 824. 
,, retaining valves in, 824. 
,, mhon, 821. 
mains. Chapter XVI., 812. 
shaft, plan of, 180. 
Pumps, Ashley well, 57-59. 

and pump valves, Chapter III., 51. 
bucket, 51, 145. 

„ and plunger, description 

of, 58. 
illustration 
of, 58. 54. 
ithout 
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double-acting, 

foot valves, 58. 
for low lifts, 801. 
centrifugal, 801-811. 

,, affected by roughness 

of water passages, 

807. 
„ Appold, 807, 808, 809. 
,, at Burnt Fen, 803- 

807. 
„ at Horoajo mine. 196- 

199. 
„ at Leith Docks, 806, 

807. 
,, onion bearing for, 805, 

806. 
,, Paraon, experiments, 

307. 
„ Rankine, 808. 
„ Thompson's experi- 
ments, 807. 
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Pumps centrifugal, velocity of, 802. 

Webber, experiments, 

808, 810. 
with Pelton wheel, 
244, 308, 805. 
Cornish, plunger, 188, 189. 
displacement of, 70-72. 
displacement diagrams, 71, 72, 

78. 
duplex, hydraulic, 191, 193. 
for pumping sewage, 56. 
lift and force, 51. 



,, lowering into well, 270, 274. 
,, piston, 54. 
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and plunger, 64. 
for low lifts, 801. 
plunger, arrangement of, 122-125, 
180, 181, 199. 
,, description of, 52. 
double-actine, 55. 
electrically driven, 199- 

201. 
for inclined shaft, 150. 
packing of, 58. 
working on air, 82-85. 
,, Pohle, air lift, 826, 827. 
,, practical difficulties in working, 

56. 
„ Reidler, mechanically moved 

valves, 59, 61. 
,, „ quick reciprocating, 

62. 
,, „ quick reciprocating, 

details of, 68. 
,, ,, quick reciprocating 

suction valve, 68. 
,, Restler, well, 59. 
,, riding column in, description of, 

52. 
„ Rittinger, 188. 
,, sinking, air in, 68, 150-154. 
„ „ lowering of, 128, 129. 

,, speed of, 68. 
,, three-throw, bucket, 55. 
,, „ I, „ without foot 

valves, 55. 
II ft It plunger, 55. 
„ types of, 51. 
„ underground, hydraulic, 178, 179, 

191, 198. 
„ well, without foot valves, 57. 

Rank 1KB centrifugal pump, 808. 

„ formula, 81, 82. 
Rateau, pump system at Horeajo, 195- 

199. 
Receiver engine, 45. 
Re^ier mining engine, 108, 104. 
Reidler pump, 59, 61-68. 
Restier, pumping-engine, Hampton, 291. 

,, well pump, 69-60. 
Retaining valves in pumping mains, 

subject to shock, 824. 
Rittinser pumps, 183. 
River Ouse Middle Level syphons, 822^ 
Rotative engines, 18. 

engine valve gears, 218. 
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Saarbrttckkn hydraulic pumping-engine, 

176. 
Savery pumping-engine, 1, 12. 

„ ,, ,, description of, 2. 

II 11 11 duty of, 16. 

Scoop wheels, 298. 

,, at Halfweg, 298. 
„ at Zeebuig, 299. 
„ at Zuidplas, 800. 
„ compared with lift and 
centrifugal pumps, 801. 
„ „ construction of, 299. 
,, ,, cost of, 301. 
,, „ efficiency of, 300. 
„ „ formula for, 300. 
Separate condenser. Watt's experiments, 

14. 
Sewage works, Cambridge, pumping- 

engine, 269, 272. 
,, ,, Leicester, pumping. 

engine, 249. 
Shaft feeders, stopping, 165, 166. 
„ sinking, Chapter VIII., 120, 165- 

173. 
„ „ illustration of method, 

159. 
,, ,, use of pulsometer, 162, 

163. 
,, tubbing, 165. 
Shanghai waterworks compound engine, 

267, 261. 
Shocks in hydraulic pumps, 192. 
,, in water columns, 221. 
,, „ ,, mains, 322, 324. 
Shutter vaWe, Dave;^, 210, 212, 213. 
Sims compound engme, 24. 
Sinking lifts, 122, 124, 125, 150, 171. 
,, ,, suspension of, 161, 170. 
,, pump, Cameron, 162. 
,, ,, Zollem colliery, 164. 

Smeaton, duty of atmospheric engine, 13, 
17. 
engine at Chaoewater, 13, 17. 
improvements in atmospheric 
engines, 13, 16. 
Snore pipes, 173. 

Sommeiller hydraulic air compressor, 325. 
Southwark k Yauzhall Water Co. pump- 

ing-enffine, 290-293. 
Spear rods, 126. 

Steam, consumption of, beam engines, 37, 

43. 
compound en- 
gines, 87, 45. 
Cornish engines, 

37. 94. 
engines, various, 

37, 48. 
perfect engines, 

34, 35. 
single engines, 37. 
steam pumps, 45, 
128. 
,, triple engines, 37. 

„ underground en- 

gines, 126, 128, 
132, 134, 135. 
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Steam distribution, combined high and low 

pressure systems, 46, 
47. 
diaerams of, 44. 
explanation of, 45. 
engine, back pressure, 29. 
Branca, 1. 
clearance, 29. 
cylinder condensation, 28. 
duagram illustrating losses, 

28. 
frictional losses, 81. 
Hero, 1. 
in Cornwall, Watt, 17- 

20. 
incomplete expansion, 30. 
leakage, 31. 

priming and radiation, 
80. 
„ Saverv, 1. 
,, superheating, 28. 
„ trials, 34, 86, 37, 88, 
279-297. 
engines (pumping), Chapter II., 
27. 
„ latent heat of. Dr. Black, 14. 
,, pipes, condensation in, 126. 
„ pumps, compound, Birmingham 

waterworks, 262-268. 
consumption of steam, 

126. 
triple compound, 267, 
272. 
„ underground, 126. 
,, valves of, 214. 

turbine, 1. 
Suction pipe, telescopic, 178. 
Syphons, 319, 320, 821. 

,, drainage of fens by, 322. 
invert^, 321. 
Middle Level, 322. 
pumping main, 321. 
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Tanks for bailing, 155-158. 
Taylor engine at United mines, 25. 

,, hydraulic air compressor, 317, 
318. 
Teague's valve, 56. 
Telescopic suction pipe, 173. 
Theoretical standard, use of, 88. 
Thermal efficiency, 31, 39. 
Thompson experiments with centrifrugal 

pumps, 307. 
Town water supply, 248. 

„ filter pumps, 248, 244, 

303, 305. 
„ fluctuation in demand, 

248. 
„ machinery for, 245. 
,, pumping from wells, 
245. 

Trevithick compound engine, 23, 26. 
,, Cornish boiler, 23. 
,, water pressure engine, 221. 
Trials of engines, 34, 86, 37, 38, 279- 

297. 
Trip gear, 206, 207. 
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Triple componDd steam pumpe, 267| 

272. 
expansion enginei American, 268, 

272. 
expansion engine, East London 

waterworks, 257, 260, 288, 

285. 
expansion engine, Hydraulic Power 

Co., 286, 287. 
expansion engine, hydraulic power 

transmission, 188, 189, 190, 

193. 
expansion engine, Leavitt, 261, 

264. 
expansion engine, Ineds water- 
works, 250-257. 
exi)ansion engine, Liverpool 

waterworks, 288. 
Odessa exuansion engine, Odessa 

waterworks, 280-282. 
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Undbbobound pumping-engine, Hngo 

mine, 130-133. 
Unwatering flooded colliery, 156-158, 

165-173. 

Valvb gear, balancing or shutter, 210, 

212, 213. 
cam, 214, 215, 216. 
Corliss, 29, 211, 212, 213, 

214, 219, 220. 
Cornish, 88, 92, 203. 
,, cataract, 205. 
,, illustration of, 204. 
coupling two engines, 216. 
cusnionmg, 209. 
Davey differential, 205. 

dilierontial cut • off 

motion, 209. 
differential expansion, 

206-209. 
differential, with cut-off 

and trip gear, 206. 
differential, with cylin- 
drical slide valyes, 
208. 
duplex, 213. 
eccentric, 217. 
rotative engines, 213. 
steam pumps, 214. 
tumbler weight, 222. 
gears of pumping-engines, Chapter 
XL, 203. 

Valves (pump), 29, 52, 64, 66, 57, 58, 61, 
63-69. 



Waihi mine compound Cornish engine, 

97, 109, 110, 111, 135-141. 
Waltham Abbey pumping-engine, trial of, 

283. 
Wapping, pumping-engine at, 286-288. 
Water columns, inertia of, 84, 85, 238. 
,, ,, shocks in, 221. 

,, level indicator, for wells, 271. 
,, pressure, cataract gear, 208. 
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Water pressure, engines, A. D. lead mine, 

229-234. 
engines, efficiency of, 226, 

229, 231, 284. 
engines, for pumping 

brine, 227-229. 
engines, Hutton Henry 

colliery, 234, 235. 
engines, inertia of pump- 
rods, 288, 239. 
engines, inertia of water 

column, 238. 
engines, peculiar applica- 
tions, 234, 235, 236. 
engines, power valves, 

226, 227, 232, 233. 
engines, Trevithick, 221, 

222. 
engines, use of, 244. 
engines, usefid effect of, 
182, 192, 224, 229, 
284. 
supply, Birmingham, variation in 
consumption, 246. 
Waterworks engines. Chapter XIII., 

243. 
„ „ beam, 245, 247, 248, 

249. 
Boulton k Watt, 

Cornish, 48, 49. 
cross compound rota- 
tive, 257, 261. 
non-rotative, 258, 
260-262, 263, 266. 
reserve power, 244, 

245. 
triple expansion, 250, 

251, 255, 256. 
types of, 245. 
Watt, blowing through condenser, 18. 
, , bucket pumps, 16. 

covering top of cylinder, 15. 
exhaustmg condenser, 18. 
expansive power of steam, 14. 
expansive working by mechanical 

devices, 18. 
first engine in Cornwall, 17. 
introduction into Cornwall, 13. 
invention of separate condenser, 

14. 
latent heat of steam, 14. 
partnership with Boulton, 15. 
patent expired, 18. 
success in Cornwall, 18. 
surface condenser, 15. 
Webber, experiments with centrifugal 

pumps, 308, 310. 
Weight of bushel of coal, 23, 26. 
Well pump, Ashley, 59. 
Wells, bore-hole, 261. 

M II Davey system, 265. 

„ excavated, 270, 274. 
,, ,, lowering pumps into, 

270. 274. 
West engine at Fowey Consols, 25. 
Wheal Hope, Grose's engine, 24. 
Wheal Towan, Grose's engine, 24. 
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Widnes waterworks, bore-hole wellii, 

267. 
bore-hole pumping- 

engine, 266, 271. 
bore-hole pumping- 
engine, trial of, 
271,278. 
Winding engines, water pressure, A. D. 
mine, 229-283. 
water, 167. 
„ cost of, 158. 
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Wippermann air charger, 74. 

,, compound mining engine, 
110, 114, 116. 
Woolf cast iron boilers, 28. 

„ compound engine, 28, 45. 
Worthington pumping-engine, compen- 
sating device, 86. 

Zebbubo scoop wheels, 299. 

ZoUem colliery sinking pumps, 164-171. 

Zuidplas scoop wheels, 800. 
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Fourth Edition, Revised^ with Numerous Diagrams^ ExampUsy and 
TabUs, and a ChapUr on Foundations, In Large 8w. Cloth, i6f. 

THE DESIGN OF STRUCTURES: 

A Ppftetleal Treatise on the Baildlnff of Bridges, Rooft, fcc. 
By S. ANGLIN, CE., 

M Mter of Eagjnewiag, Royml Umvernty of Irebod, Isto UniitwofA Sdmltr, fee. 

"We can wihrrihitingiy recommood this work not only to the Stndent, ai tho wan 
TkxT-BooK on tho nibfect, but also to the professional engineer as an BccaaoiMOLV 
VALUABLB book of xtitinsiotJ'^—Mtchamcai W^rld. 



In Large Crown 8vo. Handsome Cloth. With 201 lUnstrationB. Os. net. 

AN INTRODUCTION TO 



GIRDERS, AND COLUMNS 

IN MACHINES AND STRUOTURES. 

With Bzamplee in Graphic Statics. 

By WILLIAM H. ATHERTON, M.Sc, M.LMboh.K 

*'A very lueCiU sonroe of information. ... A work which wc commend very 
highly."— Aoture. 



Fourth Edition, Thoroughly Revtsea. Koyal 8e». IViih nmmerout 
Illustrations and 13 Litho(rrai>hic Plates. Handsome Clothe Price 30/. 

A PRACTICAL TREATISE ON 

BRIDGE-CONSTRUCTION: 

Being a Text-Book on the Construction of Bridges in Iron and Steel. 
FOR THE USE OF STUDENTS, DRAUGHTSMEN, AND ENGINEERS. 

By T. CLAXTON FIDLER, ALInst.CE., 

ProC of Engineering, Univemty College, Dundee. 

"The new edition of Mr. Fidler*s work will again occupy the same coNsricuous 
POSITION among professional text-books and treati&es as has been accoided to its pre- 
decessors. SOUMD, SIMPLE, AND FULL."— 7*Ar Engineer. 



In Medium %vo. Pp. i-xv + 248, fully Illustrated. Price los. 6d. net, 

CONSTRDCTME STEELWORK : 

Being Notes on the Practical Aspect and the Principles of Desiem, together 
with an Account of the Present Methods and Tools of Manufacture. 

By a. W. FARNSWORTH, 

Associate Member of the Institute of Mechanical Engineers. 

" A worthy volume, which will be found of much assistance. ... A book of 
part icolar value. ' * — Practical Engineer. 
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In Large 8vo. Handsome Cloth, Qilt, Uniform with StahUUy of Ship$ 

and Steel Ships (pp. 37, 38). With 34 Folding Plates and 468 

Illustrations in the Text. SOs. net. 

The Principles and Practice of 

DOCK ENGINEERING. 

By BRYSSON CUNNINGHAM. 

GENERAL CONTENTa 

Historical and Disoursive. — Dock Design.— Constructive Appliances. ~ 
lidaterials. — Dock and Quay Walls. — Entrance Passages and Locks. — 
Jetties, Wharves, and Piers. — Dock Gates and Caissons. — Transit Sheds 
and Warehouses. — Dock Bridses. — Graving and Repairing Docks. ~ 
Working Equipment of Docks. —-Indxx. 

*' We have never seen a more protuMly-illnstrated treatise. It Is a moat Important 
nandard work, and should be in the hands of all dock and harbour engineers "—StaaoMA^. 
"Will be of the greatest service to the expert as a book of reference."— An^tiMr. 



In Large 8vo. With Folding Plates and Numerous Illustrations. IGs. net. 
A COMPANION VOLUME TO "DOCK ENGINEERING." 

THE PBIKOrPLES AND PRACTICE OF 

HARBOUR ENGINEERING. 

By BRYSSON CUNNINGHAM. 

Contents. — Introductory. — Harbour Desi^. — Surveying, Marine and 
Submarine. — Piling. — Stone, Natural and Artificial.— Breakwater Design. — 
Breakwater Construction. — Pierheads, Quays, and landing Stages. — 
Entrance Channels. — Channel Demarcation.— Indbx. 

" The best and most complete book we have seen on the subject." — SteamMhip. 
*' This is a standard work . . . sure to prove a valuable book of reference."— 
Shipping World. 

In Large Crown 8vo. Handsome Cloth. 4s. 6d. net. 

THE THERMO-DYNAMIC PRINCIPLES OF 

ENGINE DESIGN. 

By LIONEL M. HOBBS, 

£ngiueer- Lieutenant, B.N.; Instmotor in Applied Mechanles and Marine Eni^ine 
Design at the Boyal Naval College, Greenwich. 

"Serves its purpose admirably . . . should prove of invaloable service . . . well 
ap-to-date."— fiMjvpiJv World. 



In Large 8vo. Cloth. Fully Illustrated. 10s. 6d. net. 

THE PROBLEM OF PLIGHT. 

Bt HERBERT CHATLEY, KSa(ENO.), London, 

Professor of Oivil Engineering. Tong Shan Engineering CoUege, M. China. 

GoMTKVTSu— The Problem of Flight— The Helix— The ASroplaae.— The Avlplane.— 
Dirigible Balloons.— Form and Fittings of the Airship.— Appshdigbs (f%t Poititiiiif of 
Flighty WHght^ A FUxiht€ Wing^ Jkeorp of Balance^ BibliographgX—'lMDKX. 

" An epitome of the knowledge available on the subject."— fleoCsmaii. 
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In Handsome Cloth. With 252 Illustrations. 15s. net. 

THE THEORY OF THE STEAM TURBINE. 

A Treatise on the Prinelples of Construction of the Steam Turbine, 
with HlstoFieal Notes on Its Development. 

By ALEXANDER JUDE. 

CoNTBMTS— Fundamental.— Historical Notes on Turbines.— The Velocity of Steam.— 
Ty|>es of Steam Turbines.— Practical Turbines.— The Efficiency of Turbines, Type I.— 
Trajectory of the Steam.— Efficiency of Turbines, Types II.. III. and IV.— Turbine Vanes.— 
Disc and Vane Friction in Turbmes.— Specific Heat or Superheated Steam. — Streiurth 
of Rotating Discs.— Governing Steam Turbines. — Steam Consumption of Turbines. — ^The 
Whirling of Shafts.— Speed of Turbines.— Index. 

" One of the latest text-books . . . also one of the best , . . there is absolutely 
no padding." — Sir JVilliam IVkiU in the Tinus Engineering Supplement. 



In Large Crown 8vo. Handsome Cloth. With 131 Illustrations. Gs. net. 

LECTURES ON THE MARINE STEAM TURBINE. 

By Prof. J. HARVARD BILES, M.In8t.N.A., 

ProfeBsor of Naral Architecture in the University of Glasgow. 

"This Ib the best popular work on the marine steam turbine which has yet appeared."— 
SteoMuiMp. 

Works by BRYAN DONKIN, M.InstC.E., H.Inst.Meeh.E., fte. 

Fourth Edition, Revised and Enlarged. With additional Illustrations. 

Large 8vo, Handsome Cloth. 25s. net 

A TEXT-BOOK ON 

GAS, OIL, AND AIR ENGINES. 

By BRYAN DONKIN, M.Inst.C.E.. M.Inst.Mech.E. 

"The best book now published on Gas, Oil, and Air Engines." — Engineer. 



In Quarto, Handsome Cloth. With Numerous Plates. aSs. 

THE HEAT EFFICIENCY OF STEAM BOILERS 

(LAND, MARINE, AND LOCOMOTIVB). 

By BRYAN DONKIN, M.Inst.C.E. 

Gbnbral Contents. — Classification of Different T^pes of Boilers.— 435 Experiments on 
English and Foreini Boilers with their Heat Efficiencies shown in Fifty Tables.— Fire 
Grates of Various Types. — Mechanical Stokers. — Combustion of Fuel in Boilers. — Trans- 
mission of Heat through Boiler Plates, and their Temperature. — Feed Water Heaters, 
Superheaters, Feed Pumps, &c. — Smoke and its Prevention. — Instruments used in Testing 
Boilers. — Marine and Locomotive Boilers. — Fuel Testing Stations. — Discussion of the Trials 
and Conclusions.— On the Choice of a Boiler, and Testing of Land, Marine, and Locomotive 
Boilers. — Appendices. — Bibliography. — Index. 

" Probably loe most bxbaostivk ruumt that has ever been collected. A t»BAon<UL 
Book by a thoroughly practical man. "^^/ron and Coal Trada Reoieu. 



In Large Crown 8vo. Cloth. Fally Illustrated. 5s. net. 

SUCTION GAS PLANTS. 

By Pbof. C. a. smith, of the £a8t London Technical College. 

Contents.— Introduction.— Details of Constructiou.— Fuel and Testing.— Application 
and Uses of Suction Plants.— Working the Plant.— Typical Plants.— Plants for Special 
Purposes.- Total H.P.— Bfflueut.— Cost of Gas Production.— The Oas Engine.- Biblio- 
graphy. — Calorific Value of Coal Oas.— Of Solid Fuels.— Oas Analysis.- E^truction of 
Tar In the Producer.— Detection of CO in Exhaust.— Capital Cost.— Index. 
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Fourth Edition, Revised. Pooket-SIn, Leather, 12s. 6d. 

BOILERS, MARINE AND LAND: 

THEIR CONSTRUCTION AND STRENGTH. 

A Hahdbook of Rules, Fobmula, Tablbb, &o., aiLATiyB to Matirials, 
8aAiiTLiN«8» AND Prusubrs, SinTT YALTn, SFBnroa, 

FITTINO8 AND MoURTIKCW, ftO. 

FOR THE USE OF ENGINEERS, SURVEYORS, BOILER-MAKERS. 

AND STEAM USERS. 

By T. W. TRAILL, M. Ihst.O.R, P.E. R.N 

Lftte BBffliieer BnmeTor-tai-Gbtof to tlM BoMd of Trrndt^ 
** Oontoliw Ml Biroufoua Quaktitt or Ivtoematioii vmnffed In a rwf eonranlMit fomi. . . 
A mom uofvi ToiUMi . . . mpplyinff infonuAUon to bo had nowhare alaa."— 2^ E mg im t m: 



Sixth Edition, Revised. LArge Crown 8vo. With numerous 

Illustrations. 6s. net. 

ENGINE-ROOM PRACTICE: 

A Handbook for Engineers and Offieers in the Royal Navy and Mepcantile 
Marine, ineludlnff the Manaffoment of the Main and Auxiliary 

Engines on Board Ship. 

By JOHN G. LIVERSIDGE, R.N., A.M.I.C.K 

Omlatte.— GeMnl DflMriptioii of Majine MMhlnery.— The Oondittona of Bertloe aud 
Dntlaa of Eaglneen of tbe Boyal N»yy.— Entry and Oondltioiia of Serrioe of BngliMora of 
mo Lesdinf S.S. CompaDles.— Balalnff StaMn— Dntiaa of a Steftming Watoh on Engtnaa 
and Bollera.— Shutting off Steam — Barboor Dntlea and Watohas.— AdJostinMita and 
Bepatra of Englnea.— Preaenration and Bapalra of **Tank" BoOara.~The Hnli 'od Its 
fmlngs.— Olaaningand Painting Machinery.— Badprooating Pompa, Feed Heaters, and 
Antomatle Feed -water Regnlatora — ETaporatora. — Steam Boata. — Bleetrle Light 
Maehlnery.— HTdranllc Maolmiery.— Alr-Compreaaing PQmpa.~BefMgerating Uaohlnea. 
-Maehlnery of Deatroyera.— The Management of water-Tnbe Bollera.— Bepilationa for 
Entry of Aaalatant Eurlneert, B.N.— Qneatlona gifsn in Ezaminatlona for Promotion of 
rfngineen B.N.— Begnlattons reapeeting Board of Trade Bxamlnationa for Engineers, Ac. 

"Thla VBBT U8EFUL BOOK. . . . iLLOTnuTiOHa are of esBAT mroBTAiioB tn a work 
of thla kind, and It la aatlafaotory to find that spboial Amirnow haa been fflTen In thla 
'eapeet.**— gii^iMcr«'Oas«<<«. 

FifTH Edition, Thoroughly Revised and Greatly Enlarged. 
With Numerous Illustrations. Price lOs. 6d. 

VALVES AND VALVE - GEARING : 

A PraotictU Text-book for the use of Engineers, Draughtemen, and Students. 
By CHARLES HURST, PaAcnoAL Dhaughtsman. 



Pabt I.— Steam Engine Valvea. 
Part II.— Oaa Engine Valvea and 
Gears. 



Part m.— Air Compreaaor Valvea and 

Gearing. 
Part IV.— Pump Valvea. 



"Ma. Huaav'a TALVia and v4LT»«babiss will prove a Tary valnable aid, and tend to th« 
prodacUoDofftiKinaaofaoiBinnpic Dsaiovand BOOROMiOALWoaiise. . . . WUlbelariely 
aooght after by Stndenta and Daaiimara."— ifar<w< Mngtnmr. 

** Aa a practical treatlae on the anbjeot. the book atanda without a rlval."->l/ae*aii<Ml 
WoHd. 



Nlntt on StMun Englno Dotlffn and Construotton. By Chablbs 

HuBST, '* Author of Valves and Valve Gearing." Sboond Edition, 

Revised. In Paper Boards, 8vo., Cloth Back. Illustrated. Price 

Is. 6d. net. 

OoKnxTa— L Steam Pipes.— IL ValvecllL OyUndera.— IV. Air Pampa and Coo- 

danBera.-V. Motion Work.— VL Crank Shafu and Pedeetala— VIL Val^e G«tr.- Vlll. 

LnbtioadoD.— IX. Mlacellaaeooa Detalla — In»sz. 

** A handy Tolmre which every practical yonng engineer ahonld poaaeaa."— 77^ JfecCti 
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Thtrd Edition, Reviaed. With nnmeroiu PUktea rednoed trom 
Working Dnwingi and lUnitratioiis in the Text 21s. 

A MANUAL OF 

LOCOMOTIVE ENGINEERING; 

A Praetieal Text-Book for the Use of Engine Builders, 

Designers and Draughtsment Bailway 

Engineers, and Students. 

By WILLIAM FRANK PETTIGREW, M.Inst.O.E. 

OoiU<n<«. — Historical Introdnotion. 1768-1868. — Modern LooomotlTM : Simple. ~ 
lAodem LooomotlTae: Oomponnd. - Primary Coudderation in Looomotive Deaign.- 
CyUnden, Steam Ohests, and Stnfflng Boxes.— Piitont, Piston Bods. Oroesheads, and 
Sude Bars.--OoBnecttngand Conplinf itoda— Wheels and Axles, Axle Boxes, Hombiookt. 
and Bearinf Springs. --Balanoing.—valTe Qesr.— Slide Values and Valye Gear Details.— 
Framing, Bogles and Axle Trooks, Badlal Axle Boxes.— Boilers.~Smokel)OX. Blast Pipe 
nrebox Flrangs.— Boiler Monntings.— Tenders. - Bailwsy Brakes.— Lnbrioatlon.-Ck>D- 
snmptlon of Fnel, Evaporation and Engine Jifllelenoy.— Bepairs, Banning, Inspection, 
and BenewalB.— Three Appendices —Index. 

"The work ooxTADrs all that oah bx lbabmt from a book upon such a sabjeot It 
will at once rank as thb stahdaxd w obx dfov tbis imfoxzant suBJxcr."— iZafiway MagatiM. 



In Large 8vo. Fully Illustrated. Ss. 6d. net. 

LOCOMOTIVE COMPOUNDING AND SUPERHEATING. 

By J. F. GAIRNS. 

GONTKNTS.— Introductory. — CompoundlDg and Superheating for Locomotives.— A 
Classification of Compound Systems for Locomotives.— The History and Development of 
the Compound Locomotive.— Two-Cylinder Nod -Automatic Systema — Two-Cylinder 
Automatic Systems.— Other Two-Cylinder Systems.— Three-Cylinder Systems.- Four- 
Cylinder Tandem Systems.— Four-Cylinder Two-Crank Systems (other than TandemX— 
Four-Cylinder Balanced Systems.— Four-Cylinder Divided and Balanced Systems.— 
Articulated Compound Engines.— Triple-Bxpansi^n Locomotives. — Compound Back 
Locomotives.— Concluding Bemarks Concerning Compound Locomotives.— The Use of 
Superheated Steam for Locomotives.— Index. 

'* A welcome addition to the library of the railway ewginew."^'— Engineering Timu. 



In Large 8vo. Handacme Cloth, WWi Pkites and lUuatralums. 16$, 

AT HOME AND ABROAD. 
By WILLIAM HENRY OOLE, M.Inst.O.E., 

Lata Deputy-Manager, North-Westem Bailway, India. 

" Wm remain, for some time yet a Stahdaxd Woax in everything relating to Light 
RaOivays."— ^iV'fMsr. 

** The whole snbjeot is bxhadstivxlt and FBAonoALLY considered. The work oaa be 
oordlally reoommended as nmispKHSABLB to those whose duty it is to become aoqnainted 
with one of the prime necessities of the immediate fntnrs/'— /Sai^woy OJMtU Oagetu. 

In Demy 8vo. Handsome Cloth. Profusely Illustrated. 

CARBURETTORS, VAPORISERS, AND VALVES. 

By EDWARD BUTLER, M.I.Mech.E. 
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In Grown 8yo. Handsome Cloth. Fully lUnstrated. 6c. net. 

PMGTIGAL GALGULATIOnS FOR ENGINEERS. 

By CHARLES E. LARARD, 

A.M.Iii9t.C.E., H.I.Mech.R. Wh.Ezh., 
Bead of the Meclumical SD^rlneering Department at the Northampton Inatittite, London, E.C. 

And H. a. GOLD IN G, A.M.LMech.E. 

C0MTBNT8.-^ECTI0N I.— Contracted Methods of Calculation.— Technical Mensura- 
tion.— Practical Calculation by Ix^iarithms.— The Slide Rule and its Applications.— 
Squared Paper and its Uses. Sbction II.— Pulleys and Wheels in Train.— Speed Eatioa 
and Practical Examples.— Principle of Moments Applied to Practical Problems.— Work 
and Power.— Bnency and Speed fluctuations.— Transmission of Work through Machines. 
—Friction and Efficiency.- Transmission of Power.— Shafting.— Motion on a Circle.— 
Momentum, Acceleration, and Force Action. SsonoN III.— Temperature Scales. — ^Units 
of Heat.— Specific Heat.— Heat and Work.— Heat Value of Fuels.— Heat Losses in Engine 
and Boiler Plant.^Properties of Steam.— Moisture and Dryness Fraction. — Steam and 
Fuel Calculations.— Boiler Efficiency.— Size of Boiler.— Engine Calculations.— Power, 
Indicated and Brake.— Calculations for Dimensions.— Steam Consumption and Willans 
Law.— Efficiencies, Comparative Costs of Power Production.— Commercial Efficiency. 
Ssonoy lY.- The Commercial side of Engineering.— Calculation of Weights.— Diviiion 
of Costs, Material and Labour, Shop Charges and Establishment Charges.— Estimates.— 
Profit.- Use of Squared Paper in the Estimating Department and to the General 
Management. 

"Exactly what it should bo in order to make it useful to students and practitioners of 
engineering. —JfoneAMter Guardian. 



Sixth Edition. Folio, strongly half-bound, 21s. 

Computed to Four Places of Decimals for every Minute of Angle 

up to 100 of Distance. 

For the Use of Surveyors and Engineers. 

By RICHARD LLOYD GURDEN, 

Authorised Surveyor for the Governments of New South Wales ana Victoria. 

\* Published with the Ccmurremce 0/ the Surveyors- Generai for New South 

WaUs asui Vietoria. 

** Those who have enerience m exact Sukvky-wokk will best Imow how to appreciate 
the eDomous amount 01 labour represented by tliis valuable book. Every Survefyor in 
active practice has felt the want of soc^ a«sinance psw knowing of thsiu (the Tables) 

PUBLICATION WILL RBMAIN WITHOUT TMBM."— f NfrMtfT. 



Strongly Bound in Super Royal 8vo. Cloth Boards. 7s. 6d. net. 



For Calculating Wages on the Bonus or Premium Systems. 

For Engineering, Teohnioal and Allied Trades, 
By henry a. OOLDING, A.M.LMech.E., 

'* Cannot fail to prove practically serviceable to those for whom they have been 
designed."— iStwtffnan. 



By H. a. GOLDING, A.M.I.Mbch.E., A. M.I. A. E. 

For steam. Gas, and Oil Engines. Complete with Explanatory 
Pamphlet. In Box. Se. net 

For Petrol Motors. Complete with Explanatory Pamphlet. In 
Envelope. 6d. net 

Detailed Protfpeehu on Application. 
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Second Edition. Large 8vo, HandBome Cloth. With 
niustntiona, Tables, kc. 2U. net. 

Lubrication & Lubricants: 

A Treatise on the Theory and Praetiee of Lubrleation, and on the 
Nature, Properties, and Testing of Lubrieants. 

BT AVD 

LJBONABD ABCHBUTT, F.I.O., F.C.8.. B. M. DEELEY, lLI.M6oh.E., F.G.8. 

Ohemlti to the Mid. B7. Oo. Ohief Loco. Super., Mid. Bj. Oo. 

GoimNTB.— I. Friction of Bolidi.— n. Liquid Friction or Titoosity. and FlMtle 
Friction.— in. BuperflclAl Tension.— IV. The Theory of Lnbrioatlon.— v. Lnbricants, 
their Boorces, Prepenttion, and Propertlee.— VI. Pl:^icsl PmerUee snd Methods of 
Vzamlnation of Lnbricante.— VII. Chemical Propertlet and Methods of Bsamlnatlon 
of Lubricants.— VIIL The Systematic Testing of Lubricants by Physical and Chemioal 
Methods.— IX. The Mechanical Testlns of Lubricants.— X. The Dengn and lubrication 
of Bearings.- XL The Lubrication of Machineiy.— Indix. 

" Contains pracUcaUy ALL THAT is KNOWN on the subject Desenres the careful 
attention of all Bnglneers."— JZaAway Qfieial OazeUs, 



Fourth Edition. VeryfuUy lUuttrated, dotht 4^. M. 

STEAM - BOILERS: 

THMTR DBraOTS, ICAMAQBICDNT, AMD OONSTRTTOTION 

By R D. MUNRO, 

Oki^ Bngineer of the SeottUk BoUer Intwvnee and Sngins ImpeoUcn Compmnj . 

*' A Tsluable companion for workmen and engineers engaged about Steem BoUers, ought 
to be carefully studied, and always at hand."— C^/^. Gmardian. 



By thb 8AMB Author. 

KITCHEN BOILER EXPLOSIONS: Why 

they Occur, and How to Prevent their Occurrence. A Practical Handbook 
based on Actual Experiment. With Diagram and Coloured Plate. 3s. 

In Crown 8zv, Cloth, Fully Illustrated. 5i. net. 

EMERY GRINDING MACHINERY. 

A Text-Book of Workshop Praetiee in General Tool Orindinff. and the 
Desiflrn, Constpuctlon, and AppUeation of the Maehines Employed. 

By R. B. HODGSON, A.M.Inst.Mech.E. 

' ' Eminently practical . . . cannot fail to attract the notice of the users of this class of 
machinery, and to meet with careful perusal." — Cfum. TradeJoMmaL 



Fifth Edition. In Two Parts, Published Separately. 

A TEXTBOOK OF 

Engineering Drawing and Design. 

By SIDNEY H. WELLS, Wh.Sc, A.M.LC.E., A.M.LMech.E. 

V^OL. I. — Pbaotioal Geometbt, Plakb, and Solid. 48. 6d. 
Vol. II. — Machine and Engine Drawing and Design. 4s. 6d. 

WHQi mamy lUwinUUnM^ ipedally prepared fnr the ITorJb, and mniMroiM 

Bxampieif/or the Uae qfShtdenta in TwhweeU SehooU and CoUegu. 

** A OAPnAi Yixv-Boox, uTaDged on an BXCBLUin sTBnx, oalonlatad to giTean IntoUlgent 
mep of the luhJeot, and not the mere faoollr of mechanical copying. . . . Ifr. Wella ehowi 
Doir to make ooMrLm womzura-naAWiHM, <DaenMlng ta3\j each it^p in the deelgn."— JlMtHeol 
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In Thrbb Parts. Crown 8vo, Handsome Cloth. Very Fully Illustrated. 

MOTOR-CAR MECHANISM AND MANAGEMENT. 

By W. POYNTER ADAMS, M.Inst.KE. 
PART I.— THE PETROL CAR. 5s- net 

Sbcond Edition. With important new Api>endix, illustrating and defining part;* 

of actual can in use. 

ContOntS. — SscTiON I.— The Mechanism op the Pbtkol Car.— The Engine.— 
The Engine Accessories. — Electrical Ignition and Accessories.— Multiple Cylinder Engines. 
—The Petrol.— The Chassis and Driving Gear.— Section II.— The Managbment of thr 
Petsol Car. — The Engine. — The Engine Accessories. — Electrical Ignition. — ^The Chassis 
and Driving Gear. — General Management. — ^Appendix. — Glossary. — Index. 

"Should be carefully studied by those who have anything to do with motors." — A it fa- 
mobile tuutCarriag* Buiider^ Journal, 

PART IL-ELECTRICAL AND PETROL ELECTRICAL 

MOTOR CARS. 

Pp. i.-x. + 202. With 50 Illustrations. 58. net. 



In Large 8vo. Handsome Cloth. Very Fully Illustrated. ISs. net 

A MANUAL OF 

PETROL MOTORS AND MOTOR-CARS. 

Com prising the Designing, Construction, and World ng of Petrol Motors. 

By F. STRICKLAND. 

Gbhbral Contents.— Past I. : ENOiNKS.—Hi8torical.— Power Required.— General 
Arrangement of Engines.- Ignition.— Carburettors.- Cylinders, Pistons, Valves, Ac- 
Crank Shafts, Crank Chambers, Cams, Runners, Guides, Ac.— Pumps. — Flywheels. — 
Pipe Arrangements.— Silencers.— Engine Control, Balancing.— Motor Cycle Engines.- 
Marine Motors.— Two-Cycle Motors.— Paraffln Carburettors.— Gas Producers Part 
II.: Cars.— General Arrangements. —Clutches.— Transmission. — Differential Gears.— 
Universal Joints.- Axles. — Springs. — Radius Rods. — Brakes. — Wheels. — Frames. — 
Steering Gear. — Radiator. — Steps, Mudguards, Bonnets, Ac. — Lubrication. — Ball 
Bearings.— Bodies.— Factors of Safety.— Calculations of Stresses.— Special Change Speed 
Gears.— Special Cars.— Commercial vehicles.— Racing Cars.— Indxx. 

"Thoroughly practical and scientiflc. . . . We have pleasure in recommendinfir it to all." 
—Met^nicaX Snoineer. 



In Medium 8vo. Handsome Cloth. Fully Illustrated. 158. net. 

OIL MOTORS. 

Their Development, Construction, and Management. 
By 6. LIECKFELD. (Authorised English Edition). 

CONTKNTS.— Liquid Fuels for Power Production.- Development of the Petrol and 
ParaiBn Motors.- Workins of the Later Paraffln and Petrol Engines.— Ignition Devices. 
—Examples of Statiouar}' Petrol, Alcohol, Paraffln, and Crude OliEngines.— Automobiles. 
—Ship, Boat, and Air-ship Engines.— vehicles, &c., Driven by Intemal Combustion 
Engines.— Erection and Attendance of Engines Driven with Liquid Fuel.— Correcting 
Irregularities in Knnnlng. 

In Crown 8vo. Handsome Cloth. With 105 lUnstrations. 5s. net. 

MECHANICAL ENGINEERING 

By R. S. M'LAREN. 

CoNTBMTS.— Materials.— Bolts and Nuts, Studs, Set Screws.— Boilers.— Steam Raising 
Accessories.— Steam Pipes and Valves.— The Steam Engine.— Power Transmission.— 
Condensing Plant.— The Steam Turbine.— Electricity.— Hydraulic Machinery.— Gas and 
Oil Engines.— Strength of Beams, and Useful Information.— Indbx. 

" The best of its kind we have seen, and should be in the hands of every apprentice." 
— StuanAip. 

LONDON: CHARLES GRIFFIN A CO.. IIMITEO. EXhTER STREET. STRAND. 
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WOBK8 BY 
ANDREW JAMIESON, M.INST.C.K, M.I.E.E^ F.R.8.E., 

Formerly Pr^fusor of RUcttical En^ttutrmg^ Tht GUu, tmd IV. of Scot* Toch, CoU. 

PROFESSOR JAMIESON'S ADVANCED TEXT-BOOKS. 

In Large Croum Sew. FuUy IllustraiuL 

STEAM AND STEAM-ENGINES, INCLUDING TURBINES 

AND BOILERS. For the Use of Engineers and for Students preparing 
for Examinations. With 800 pp., over 400 Illustrations, 11 Plates, many 
B. of £., C. and G., Questions and Answers, and all Inst. C.E. Exams. 
on Theory of Heat Engines. Sixteenth Edition, Revised. los. 6d. 
" Tli« Bbst Book yet published for the uae of Studenta."— J?ii!cAMrr. 

APPLIED MECHANICS & MECHANICAL ENGINEERING. 

Including All the Inst. C.E. Exams, in (i) Applied Mechanics ; 
(2) Strength and Elasticity of Materials ; (3a) Theory of Structures ; 
(ii) Theory of Machines ; Hydraulics. Also B. of E ; C. and G. Questions. 
VoL I. — Comprising 508 pages, 300 Illustrations, and Questions: 
Part I., The Principle of Work and its Applications; Part II.: Friction, 
Lubrication of Bearings, &c. ; Different kinds of Gearing and their Appli- 
cations to Workshop Tools, &c. Sixth Edition. 8s. 6d. 

" Fully maintains the reputatioa of the Attthor/'— /'m^/. Enginter. 

VoL II. — Comprising Parts III. to VI., with over 800 pages, 371 Illus- 
trations ; Motion and Energy, Theory of Structures or Graphic Statics ; 
Strength and Elasticity of Materials ; Hydraulics and Hydraulic 
Machmery. Fifth Edition. 12s. 6d. 

"Will and lucidly writtbn."— 7!Atf Rt^mter. 

*** Rack ofthg ttbovt volumes is com^loU m ilssl/, and sold so^rtstsly. 



PROFESSOR JAMIESON'S INTRODUCTORY MANUALS 

Crown 8«0. With lUustraiicns and Examinatum Papers. 

STEAM AND THE STEAM-ENGINE (Elementary 

Manual oO. For First- Year Students, forming an Introduction to the 
Author's larger Work. Twelfth Edition, Revised and Enlarged. 3/6 
" Should be in the hands of bvxry engineering apprentice."— /'n>ri&a/ Rngitteor. 

MAONETISH AND ELECTBICITT (Praetical Elementary 

Manual of). For First- Year Students. With Stud. Inst. C. E. and B. of E. 
Exam. Questions. Seventh Edition, Revised and Enlarged. 3/6. 
** A THOKOUGHLV TRUSTWORTHY Text-book. PRACTICAL and dear.**— ATtf/wnr. 

APPLIED MECHANICS (Elementary Manual oH. 

For First- Year Students. With B. of E., C. and G. ; and Stud. Inst. C.E. 
Questions. Eighth Edition, Revised and Greatly Enlarged. 3/6. 

" The worie has vkry high qualitibs, which oiay be condensed into the one word 
' CLSAR.' "-^tisnco astdAn, 



A POCKET-BOOK of ELECTRICAL RULES and TABLES 

For the^ Use of Electricians and Engineers. By John Monro, C.E., 
and Proh Jamieson. Pocket Size. Leather, 8s. 6d. Nineteenth 
Edition. [See p. 47. 

lOltDON: CHARLES GRIFFIN ft CO.. LIMITED, EXETER STREET. STRAND. 
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WORKS BT W. I liCQUOM RAMKIIIE, LL.D., F.R.S. 

ThopouflThly Revised by W. J. MILLAR, O.B. 



A MANUAL OF APPLIED MECHANICS : CompiiBing the 

Principles of Stotioa and GinematioB, and Theory of Stmctorea, 
Meohanism, and Maohlnei. With Nmneroiu Dia^prams. Crown 8to, 
Cloth. Seysmtbbnth Edition. 12b. 6d. 



A MANUAL OF CIVIL ENGINEERING : Oomprisiiig Engin- 

eering Snrveya, Earthwork, PonndationB, Masonry, Carpentry, Metal 
Work, Roads, Railways, Canals, Rivers, Waterworks, Harbours, &a 
With Numerous Tables and ninstrations. Crown 8vo, Cloth. 
Twxnty-Thibd Edition. 16s. 



A MANUAL OF MACHINERY AND MILLWORK: Com- 

prising the Geometry, Motions, Work, Strength, Constmotion, and 
Objects of Machines, Ac. With nearly 300 Dlustrations. Crown 
8to, Cloth. Sbybnth Edition. 12s. 6d. 



A MANUAL OF THE STEAM-ENGINE AND OTHER 

PRIME MOVERS. With a Section on Gas, Oil, and AiB 
Engines, by Bbyan Donkin, M.InstC.E. With Folding Plates 
and Numerous niustrations. Crown 8vo, Cloth. Sevrntbknth 
Edition. 12s. 6d. 

USEFUL RULES AND TABLES : For Architects, Builders, 
Engineers, Founders, Mechanics, Shipbuilders, Purveyors, Ac. With 
Appendix for the use of Bliotsioal Enoinubs. By Professor 
J AMiBsoN, M. Inst. C. E. , M . I. E. E. Sbybnth Edition. 10b. 6d. 



A MECHANICAL TEXT -BOOK: A Practical and Simple 

Introduction to the Study of Meohanios. By Professor Rankinb 
and E. F. Bambbb, CE. With Numerous ninstrations. Crown 
8yo, Cloth. Fifth Edition. 9s. 

S* riu '^MMHAnoAL Tbx>-Book" wot dmigmtd fty ProfSMor BASKurB m tm limo- 
DOonoH to the 'vAoM 8mi** of MtmuaU. 



MISCELLANEOUS SCIENTIFIC PAPERS. Fart I. Tempera- 

ture. Elasticity, and Expansion of Vapours, Liquids, and Solids. 
Part II. Energy and its Transformations. Part IIL Wave-Forms, 
Propulsion of Vessels, ko. With Memoir by Professor Tait, M.A. 
With fine Porarait on Steel, Plates, and Diagrams. Royal 8vo. 
Cloth. 318. 6d. 



" No mora ondmuig Memorial otPntenor Raakiiie coald be devued than the pubkca- 
tion of theve papen in an aooeanble fonn. . . . The Collection is moat TaliiaUe on 
acocmnt of the natnra of his diaooveriesp and the beauty and completeness of his anatyHS." 

tONDON : CHABLE8 eRIFFIN A Ca. UVITED, EXETER STREET, STRANP 



36 CHARLES OHIFFIN dn 00, '8 PUBLICATIONS. 



Third Edition, Thoroughly Revised vmcL Enlarged, IVith 6o Plates and 
Numerous Illustrations. Handsome Cloth. 34s. 

HYDRAULIC POWER 



AND 



HYDRAULIC MACHINERY. 

•T 

HENRY ROBINSON, M. iNST. C.E, F.G.S.. 

rsLLOw OP mxmdt collbgb, lomdom ; pkof. kmeritus op crriL enginkbxing, 

KIMO't COLLBGB, ETC., BTC 

Contents — Discharee through Orifices. — Flow of Water through Pipes. — Accumulators. 
—Presses and Lifts. — Hoists. — Rams. — Hydraulic Engines. — Pumping Engines. — Capstans. 
— Traversers. —Jacks. — Weighing Machines. — Riveters and ahop Tools. — Punchuig. 
Shearing, and Flanging Machines. — Cranes. — Coal Discharging Machines.— Drills and 
Cutters. — Pile Drivers, Excavators, &c. — Hydraulic Machinery applied to Bridges^ Dock 
Gates, Wheels and Turhines. — Shields. — Various Systems and Power Installations — 
Meters, &c— Indbx. 

"The standard work on the application of water power." — Cottiers Mi^anim. 



'Second IBdition, Oreatiy Bnlarged. With Frowtiapieee, aevertU 
PkUes^ and aver 260 lUfutraiiona. 21«. neL 

THE PRnCIPLES AHD COHSTRUCTIOH OF 

PUMPING MACHINERY 

(STEAM AND WATER PRESSURE). 

With Practical lUnstrationa of Enginbs and Pumps applied to Mikino, 

Town Watkb Supplt, Draikaob of Lands, &c., also Economy 

and Efficiency Trials of Pumping Machinery. 

By henry DAYEY, 

Mombar of the Insdtntion of Civil Engineers, Member of the Inatftntlon of 

Meohanloal Bngineert, F.Q.S., te. 

GoNTiNTS — Early History of Pnmning Bnflines-— Steam Pumping Engines - 
Pumps and Pnmp Valves— Gteneral Principles of Non-RotatiTe Punping 
Engines— The Cornish Engine, Simple ana Compound— Types of Mining 
Engines— Pit Work— Shaft Sinkizig— Hydraulic Transmission of Power in 
Mines — Electric Transmission of Power — Valve Gears of Pumping Engines 
— Water Preiwrare Pumping Engines — Water Works Engines — Pumping 
Engine Economy and Trials of Puinping Machinery— Cenmfngal and other 
Low-Lift Pumps— Hydraulic Rams, Pumping Mains, kc — Index. 

'* By the *one Bngliah Engineer who probably knows more abont Pumping Ma4sliinery 

than AVT OTHXB.* ... A VOLUm RSOOBDniG TRIE SSSULTB OF LOVO BZPBSnVCB AVD 

STUDT."— 2%« Bnginetr. 

In Large Croum 8vo. Handeome Cloth, FuUy lUuetrated. 

SEA WATER DISTILLATION. 

By frank NORMANDY, of the Middle Temple, Barrister-at-Law. 

Contents.— Distillinfc Machinery.— Sea Water.— Steam.— Multiple Distillation.— The 
Evaporator.— The DiBtilling Condenser.— Pumping Machinery.— Useful Memoranda:— 
The Filter, Prevention of Corrosion and Decay of Metals, Removal of Scale, Cleaning, 
Overhauling, Ac— Index. 



tONDON . CHARLES GRIFFIN A 00., LIMITED. EXETER STREET STRANa 
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In Large 8vo. HandBome Cloth. Profusely Illiiatrated. In Two 
Volumes, Each Complete in itself, and Sold Sbparatelt. 

mas DESioM^ 

AND 

CONSTRUCTION OF SHIPS. 

By JOHN HARVARD BILES, M.Inst.N.A., 

Professor of NftTal Arohitectare in OlASgow UniTeraity. 

Volume L-CALCULATIONS AND STRENGTH. With 36 Folding 
Plates, and 215 other IllasCrations. Complete in itself, with 
Index. 25s. net. 

Ck)MTENTS.— Part I. —Areas, Volumes, and Centres of Gravity. Part IL— Ship 
Calculations. Part III.— Strength of Ships. 

" No teacher of naval architecture nor scientiflcally -equipped student can afford to 
be without this volume . . . will doubtless remain the standard for many years "— 
Times. 

Volume II. , dealing with Stability, Waves, Oscillations, Resistance and 
Propulsion, Design and Construction, is in active preparation, and 
will be ready very shortly. 



BY PROFESSOR BILBS. 

LECTURES OH THE MARIHE STEAM TURBIHE. 

With 181 niuatmtions. Price 68. net. 
See page 28. 



Roynl 000, HwHi»om9 Olotk. With Humorous lUuatratlona cuui Tabiet. 28§. 

THE STABILITY OP SHIPS: 



SIR £DWARD J. REED, 1LC.B., F.RS., M.F., 



KNHWT or TMB IMPBRIAL OKX>ntS OF ST. STANU.AUS OF EUSSIA ; PXAiraS JOtSm OV 

AUSTKIA; KBDjmiB OP TUXKKV: AMD KISIMG SUN OP JAPAN; VIC»- 

PSaSIDBNT OP THB INSTITUTION OP NAVAL ASCRmCTS. 

" Sir Kdwaxd Rind's ' STABiLmr op Ships ' is invaluablb. The Naval AacRmcT 
win find braogfat tpgether and ready to his band, a mass of inlonnation whidi he would othsi^ 
wise havB to sadc in an almost enaleas variety of puhlicafions, and some of wfaidi he woold 



possibly not be able to obtain at all elaewhara."— ac«MM*«^. 



In Crown 8vo. Handsome Cloth. Fnlly IHustrated. 

HYDROGRAPHIC SURVEYING. 

Fop the Use of Beginners, Amateurs, and Port and 

Harbour Masters. 

By commander S. MESSUM, R.N., 

Instmctor in Nautical Surveying, S.N. College, Oreenwich. 

CORTBirra.— Sextant— Protractor. -Station Pointer. —Theodolite. —ProJecUons.- 
Symbols and Abbreviations.— Plotting and Triangulation of a Small Plan.— Mast-head 
Angle Survey.- Meridian Distances.— APPKNDIX.—Iin>sx. 



lOHDON : CHARLES GRIFFIN A CO.. UMITED. EXETER STREET. STRANa 



3« CUAHLiBS GRIFF'IN S OO.'S PUBLICATIONS, 

WOBKS BY THOMAS WALTON, 

NAVAL ARCHITECT. 



Fourth Edition. lUastrated with Plates, Numerous Diagrams, aud 

Figures in the Text. i8s. net. 

STEEL SHIPSs 

THEIB CONSTBUCTION AND MAINTENANCB. 

A ManucU for Shipbuilders, Ship Superintendents, Students^ 

and Marine Engineers. 

By THOMAS WALTON, Naval Architect, 



AUTHOR OP "know Y017K OWN SHIP.' 



CoNTKNTB.— I. Manufacture of Cast Iron. Wrought Iron, and SteeL— Com- 
position of Iron and Steel, (Quality, StrengtUf Tests, &c. II. Classifioation of 
Steel Ships. III. Considerations in makiiu^ choice of Type of Vessel — Framins 
of Ships. IV. Strains experienced by Shii>s. —Methods of Computing and 
Comparing Strengths of Ships. V. Construction of ShipjB. — Alternative Modes 
of Construction. — ^Tyi>es of Vessels. — Turret, Self Trimming, and Trunk 
Steamers, &c. — ^Rivets and Riyetting, Workmanship. VI. Pumping Arrange- 
ments. VII. Maintenance. — Prevention of Deterioration in the Hulls of 
Ships.— Cement, Paint, &a— Indbx. 

" So thorougb and well written is every chapter in the book that tt ia didlcolt to select 
ftnv o( tbeni as being worthy of exceptional pri^ so. Altogether, the work ie excellent, and 
will prove of great valne to those for whom it is intended.''~2*Ae Bnginur. 



In Handsome Cloth. Very fully lUustrated. 7s. 6d. net. 

PRESENT-DAY SHIPBUILDING. 

For Shipyard Students, Ships* Officers, and Engineers. 
By THOS. WALTON. 

Gbnekal Contents. — Classification. — Materials used in Shipbuilding. — 
Alternative Modes of Construction. — Details of Construction. — Framing, 
Plating, Ri vetting, Stem Frames, Twin- Screw Arrangements, Water 
Ballast Arraneements, Loading and Discharging Gear, &c. — Types of 
Vessels, inolnoing Atlantic Liners, Cargo Steamers, Oil carrying Steamers, 
Turret and other Self Trimming Steamers, kc. — Index. 

"Simple language . . . clear and easily followed iUostrations." — rtnwt 
Bpoineering Supplement, 
*'* We heartily recommend it to all who have to do with ships." — Steamship. 



Ninth Edition. lUustroUed. Handsome Cloth, Crown 8vo» 7b, 6d, 

The Chapteps on Tonnage and Fpeeboapd have been brought thoroughly 
up to date, and embody the latest (1906) Board of Trade Regulations on 
these subjects. 

KNOW YOUR OWN SHIP. 

By THOMAS WALTON, Naval Architect. 

Specially arranged to suit the requirements of Ships' Officers, Shipowners, 

Superintendents, Draughtsmen, Engineers, and Others, 

COHTBNTS. — Displacement and Deadweight. — Moments. — Buoyancy. — Strain. — 
Structure. — Stability. — Rolling. — Ballasting. — Loading.— Shifting Cargoes.— Effect of 
Admission of Water into Ship.— Trim Tonnage.— Freeboard (Load-line).— Calculations.- 
Set of Calculations from Actual Drawings.— Index. 

** The work is or the highest Talue, and all who go down to the sea in ships shoald make them- 
selves acquainted with it." —Skipping World (on the new edition). 

LONDON: CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND. 
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GRIFFIN'S NAUTICAL SERIES. 

Edited bt EDW. BLAGKMORE, 

Matter MulDar, First GIms XHnitj Hoom Certificate, Aaaoo. Init. N.A. ; 

And WBimuf, kainlt, by Sailobs for SAiLOBfl. 



"Tms ADUBABLl 8BBI18."— Faifptey* " A YIBX USBFUL 81BiaB."~Jfa(«f1S. 

"Byset Ship shonld have the wholi Sbribb aa a Rubbbnoi Libeaet. Habb- 

•OMBLT BOUND, OLBAELT PEINTBD and ILLU8ZEA1ED."— LfMryoOJ Jowm, Qf Commtro$, 



The British Mereantile Marine: An Historioai Sketch of ita Eue 

and Derelopment. By the Bditoe, Oapt. Blaoexoee. 8b. 6d. 

*' Captain SUdanore • splendid book . . . oontaini paragraph! on evexy point 
of tntereet to the Merchant Marine. The 248 pages of this book are the xo0T valu- 
4BIJI to the sea capUln that hare btbe been ooxpiled."— JTetvAoiU Strvtet Rgtuw, 

Elementary Seamanship. By D. Wii^on-Babkbr, Master Muiner, 
r.£.S.E., F.B.G.S. with nnmerona Plates, two in Golonxa, and Vrontlspleoe. 
Sixth Edition, Thoroughly Bevised. With additional lUnstrations, &c. 8s. 
"This ADlOEABLB llANUAL, by Capt. WIL80N Baekee, of the 'Worcester,' seems 

to OS PBEVBOILT DEBIONBD."— ^tfteiUSUm. 

Know Yonr Own Ship : A Simple Explanation of the Stability, Con- 
Btrnetlon, Tonnage, and Freeboard of Ships. By THOfl. Walsoe, Naval Architect. 
Ninth BDinoN. 7s. 6d. 
" Me. Walton's book will be found yeet useful."— T%« BngiMtir. 



Navlffation : Theoretical and Praetieal. By D. Wilbon.Babke& 

and WiLLiAx Alunoham. Sboond Edition, BeTlsed. 8s. 6d. 
"FBEOlBELT the kind of work required for the New Certificates of competency. 
Oandldates will find it INVALUABLB."— DundM AdveHimr, 



Marine If eteorolOgy : For Officers of the Merchant Nayy. By 
WILUAM ALLnfOHAxnnrst Class Honours, Navigation, Science and ArtDepvtment 
With Illustrations and Maps, and facHmSU reproduction of log page. 7s. 6d. 
"Quite the bbst publication on this subject."— .S)k^pp<n^ QoMttU, 

Latitade and Longitude : How to find them. By W. J. Millar^ 

C.E. Second Edition, Bevised. Si. 

"Cannot but prove an acquisition to those studying Navigation."- Jfortfis BnaimiUf 

Praetieal Meehanies: Applied to the requirements of the Sailor. 
Bv TBoe. Macxbnsie, Master Mariner, F.B.A.8. Thibd Edition, Bevised. 8s. Od. 
"WELL WOETH the money . . . excbbdinglt -BXLfwm*.**— Shipping Wortd, 

Trigonometry : For the Yonng SaUor, &o. By Rich. C. Book, of the 
Ihames Nautical Trainhig College, H.M.S. " Worcester." Thied Edition, Bevised . 
Price 8L6d. 
"This EKiNEHTLT PEACTIOAL and reliable volume."— ABftooftnasCsr. 



Praetieal Algrebra. By Rich. G. Buck. Companion Volume to the 
above, for Sailors and others. Sboond Edition, Bevised. Price 8s, 6d. 
" It is JUST THE BOOK for the yonng sailor mindful of progress."— ilTcMcMeal Magmtint. 

The Legal Duties of Shipmasters. By Bbnbdiot Wm. Oinsbubo, 

M.A., LL.D., of the Inner Temple and Northern Circuit; Barriater-at-Law. SBOOND 

Edition, Thoroughly Bevised and Enlarged. Price 4s. 8d. 

" INVALUABLE to masters. . . . We can fully recommend it '^SMppimi OoMetU. 

A Medleal and Sorgieal Help for Shipmasters. Inolnding Eini 

Aid at Sea. By Wm. Johnson Smith, F.B.C.S., nincipal Medical Ollloar, Seamen's 
Hospital, €hreenwich. Thied Edition, Thoroughly Bevised. es. 
"Sound, judicious, eballt HBLpruL."— rJke LaiMet. 

LONDON: CHARLES GRIFFIN A CO.. LIMITED, EXETER STREET. STRAND. 
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QBIFFIN'S NAUTICAL SERIES . 

Introductory Volume, Price Ss, 6d, 

British Mercantile Marine. 

Bt EDWARD BLACEMORE, 

MASTBlt MAMMSK; ASSOCIATB OP THB W S'lii U HOM OP NAVAL ARCMrraCT8| 
MBMBBR OP THB IMSTmniON OP BNGIMBBBS AMD SHIPBUILDB&S 

ni BCOTLANO ; Borroii OP Guppnrs '^nautxcax. sbiiib&" 

GwnoLAL Ck)iiTiim.— HiSTOSiOAL : From Barly Tim« to 1486— Prij(rwi 
onder Henry VIII.— To Death of Mary— Dnziiur Elisabeth*! Reign— ^ to 
the Reign of WiUiain III.— The 18th and 19tb Centnriei— Inatitation ol 
Bxaminationa — Riee and PrognM of Steam Ptopnlnon — Development of 
Free Tiade-Ship^ LegiaUtion, 1862 to 1875-" Lockaley HaU^ Caw- 
•Shiptmaatera' Sodetiea— Loaiding of Shipa— Shipping Legialation, 1884 to 18 04 
Statiatioa of Shipping. Thi Pibboknxl : Shipownera— Offioeia— liarinera— 
Dutiea and Preaent Poaition. Education: A Seaman'a Education: what it 
■hoold be— Preaent Meana of Education— Hinta. DisoiPLiifi and Duty— 
Foataoript— The Seriona Decreaae in the Number of Britiah Seamen, a Matter 
•demanding the Attention of the Nation. 



" braBBaama aad InRBoonnni . . . may be read wns rsonr and 
'tftajyow Aroldi 

" SvBBT BBAKOB of the nO^feol Is dealt with tn a way wfaleh ahowa that the wMm 
* knowB the ropee' familiarly.*'— dcotMioa. 

"Thia ADMXBABLB book . . . TSBMB with oaefol infonnatloii— Shoold be fa the 
QftDiln of every Sailor.**— ir«i<em Morning A'evu. 



Sixth Edition, Thoroughly Revised, With AddUional 
lUtiatrationa cmd a new Chapter on Clouds. 



ELEMENTARY SEAMANSHIP. 

ST 

D. WILSON-BARKER, Master Marinkb; F.R.S.E., F.R.G.S.,fto.,fto. 

TOUMaBR BUOTHIB OV THS TRIHITT HOUBB. 

With Frontiapieoe, Numeroua Platea (Two in Colonra), and XUuatrationa 

in the Text. 

(IKNXRAL GonTBMTS.— The Building of a Ship; Parte of Hull, Maatii. 
<4c -Ropea, Knot& Splicing, ftc. — Grear, Lead and Log, &c. — Rkging, 
Anchora— Sailmaking— The Saila, &c.— Handling of Boata under Sail — 
Signals and Signalling — Rule of the Road— Keeping and Relieving Watrh— 
Pointa of Etiquette— Oloaaary of Sea Terma and Phraaea— Index. 

*•* The Tolnme contaixiB the vaw BULBa or tbb boad. 

'* I'bla AS>mMA*iM MAHUAu by Oapt. Wilson-Babxbb of the ' Woroetter/ aeeniB to oa 
^BavBCTLT DBUOXBD. and holda Ita plaoe ezoeUentW In ' Gurmi's Nautioal SsaxBa' . . . 
Although Intended for thoee who are to become OfBcen of the Merchant Navy, It will b« 
fonnd naefol by all YAcataaaaf/'-^Athmunan. 

%* For complete Ltit of Qkowsm'b Nautioal Sbbibs, Bee p. 89. 

LONDON : CHARLES GRIFFIN A CO., LIMITED, EXETER STREET, STRAND. 
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GRIFFIN'S NAUTICAL SERIES^ 

"SsooND Edition, Revised and lUuetraied Price Ss. 6d. 

NAViaATION: 



By DAVID WILSON-BARKER, RN.R, P.R.S.E,, &o., dw.. 

AHD 

WILLIAM ALLINGHAM, 

mST-OLABB H0H0UB8, HAYIOAZIOH, BOmOB AHD A&I DSPABTimT. 

tmub Viumetoua SlludtrationB and Biaminatfon Quedttond. 

OlNBBAL CoNTiHTB.— Definitionfl— Lfttitade and Longitodfr— Instnimenti 

<of N'»Tigation--Coneotion of Ooonee — Plane SaQinff— Traverse Sailing*— Da3r*B 

Work — Panllel Sailing — Middle Latitade SuHng — Meraitor'B Chart 

Meroator Sailing — Onxrent Sailing — ^Position ^7 Bearinga— Gnat Gizole Sailing 

- The Udee— Qaeetiona — Appendix: Compass Error— Nmnerona Usefol Hints 

4ui, — ^Indez* 

'* PnoiflBLT the kind of work required for the New Oertlfloatet of oompetenoy in mdee 
from Beoond Mate to extra Master. . . . Candidates will find It nr Y i TJi A urA "— Di mk Im 



»t 



▲ OAPRAL UTXLB BOOK . . . spooiaUy adapted to the New BxamlnatlonB. Tbe 
Anthors sre Oapt. Wilbov-Babxbb (Captaln-SnperintendeBt of the Nantiosl College. H.>t.& 
* Woroeeter/ who hss had great ezperlenoe In the hli^eet problems of NsTlgatlon), »'*d 
Mb. Axusoham, a well«known writer on the Sdenoe of Navigation and Naatioal Aiitronom> " 
"Bhipj^iHg WitrlA. 



Handsome Oloih, FuUy IlluatraUd. Price 7». 6<L 

MARINE METEOROLOGY, 

FOB OFFICERS OF THE MERCHANT NAVT. 
By WILLIAM ALLINGHAM, 

Joint Author of "Navigation, Theoretical end Praetloal." 

With numerooB Plates, Maps, Diagrams, and ninstrations, and a facsimile 
Raprodnotion of a Page from an actual Meteorological Log*Book. 

SX7MMABY OF OONTENTS. 

iHTBOnuoiOBT.— Instmments tJied at Sea for Meteorological Purposes.— Meteoro- 
toclcal Log-Books. —Atmospheric Pressure.— Air Temperatures.— Sea Temperatures. - 
winds.— wind force Scales.— History of the Law of Storms.— Hurricanes, Seasons, siid 
Storm Tracks.— Solution of the Cyclone Problem.— Ooean Currents.— Icebetn.—S7n- 
ehronons Charts.— Dew, Mists. Vogs. and Hase.— Clouds.— Bain, Snow, and Hail. — 
Mirage, Bainbows, Coronas, Halos, and Meteors.'^Lightning, Coiposaats, aud Auiorss.- 
Qonrioirs.- Appbnddl— IKDEK. 

** <^ta the BSST publication, asd oertatailj the host lATiaasTiiG, on this •atdeci sTer 
•rateated to Nautical mea."— Shipping Oomtu. 



• • 



For Complete List of Gbifiin's Nautioal Sbbus, see p. 99. 



iONDON : CHARLES GRIFFIN ft CO.. LIMITED. EXETER STREET. STRAND. 



42 CHARLES GRIFFIN cfc CO.'S PUBLICATIONS. 

QRirriN'S NAUTICAL SEBIES, 

TmsD Bdition, Rbtisbd. With Nameroaa IHnstrationB. Price 8a. 6d. 

PRACTICAL MECHANICS: 

Applied to the Bequirements of the Sailor. 

By THOS. MACKENZIE, Master Mariner, F.B.A.S. 

Onn&AL CoMTBHTH. — Reaolutioii snd Comporitioii of Forcea— Work done 
bj Machinea and Living Agents — The Mechanical Powers: The Lever; 
Detrioka aa Bent Levera— The Wheel and Axle : Windlaaa ; Ship's Cftpatan ; 
Grab Winch— Tacklea : the '*01d MAn**— The Inclined Plane; the Screw— 
The Centra of Qravitv of a Ship and Cazgo — Relative Strength of Rope : 
Steal Wir^ Mani11a| Hemp, Coir— Derricka and Shears—Calccuation of the 
Oroaa-breaKing Strain of Fir Spar^-Centre of Effort of Sails— Hydroatatios : 
the Diving-bell ; Stability of Floating Bodiea ; the Ship's Pump, &c. 

" Will wobth the money . . . will be fonnd exobedinolt HELPruii.*'^ 
9hkfpinff World. 

*'Ko Shif8' Offiosbs' B00K0A8I will henceforth be complete without 
Captain Maokinzib's * Pbaotioal Meohamios.' Notwithstanding my many 
vean' experience at sea, it has told me how much more there tf to aequirt."— 
(Letter to the Publishers from a Master MLaiiner). 



WORKS BT RICHARD C. BUCK, 

Of the Thunea Nutioal Training College, a.lLS. * Woreeetar.* 

A MANUAL OF TRIGONOMETRY : 

With Diagrams, Examples, and Exercises, Price 8s. 6d. 

Third Edition, Revised and Corrected. 

*«* Mr. Back's Text-Book has been spboiallt prepared with a view 

to the Examinations of the Board of Trade, in which Trigonometry 

ia an obligatory aubject. 

"lids BMDnsTLT FBAOTicAL uid BBLUBLK JOLxna."'^8Aoolma*ter. 

A MANUAL OF ALGEBRA. 

De&igned to meet the Sequiremente of SaHora and otherg. 
Second Edition, Revised. Price 3b. 6d. 

*«* Theae aldmeotary worki on aloebba and TaiooMOMVTBT are written tpeefaily for 
tboee who will have little oppononity of oonsoltlng a Teaeher. Tbey are books for '^sblt 
HBLP." All bat the rimplest explanations have, therefore, been avoided, and avbwxbb f 
the Szeroisee are given. Any person may readily, by careful stndv, beooma master of their 
eontents, and thus lay the foundation for a farther mathematioal coarse, if desired. It u 
hoped that to the yoanger Officers of oor Mercantile Marine they will be foand deddedly 
istiioeable. The Kzamples and Exercises are taken from the Examination Papers set for 
the Oadets of the "Worcester.*' 

" Clearly arranged, and well got op. . . .A flrst-rate Elementary Alfebrs.**— 
^autietU Magasint. 

8E0OND Edition, Revised. With Diagrams. Price 2b. 

LATITUDE AND LONGITUDE : How to Find ta. 

By W. J. MILLAR, C.E., 

LaU aterttary to the HuL o/Bnginetrt tatd ShipMldtn 1m Bcotland. 

** Conoiselt and olbablt wbitten . . . cannot bnt prove an aoqoisitioD. 

to those studying Navigation.'* — Marine Engineer, 

'* Tonng Seamen will find it handt and usetul, simple and QLMAsJ*—The 

fCngineer» 

*«*For oomolete List of Qbiffu's Nactioal Sbubs. see d. 99. 



LONDON : CHARLES GRIFFIN ft CO., LIMITED, EXETER STREET, STRAND. 



NAVT'GAL WORKS. 43 

GMFFIN'S NAUTICAL SERIES. 

Sbgond Edition, Revised and Extendeil In Crown 8vo. Prioe 4s. 6d. 

THE LEGAL DUTffiS OF SHIPMASTERS. 

By benedict WM. GINSBURG, M.A., LL.D. (Oahtab.^ 

Of the Inner Temple and Northern drcnit; Berrfeter-at-Law. 

General Contents.— The Quallfloation for the Poeitlon of Shlinnaster— The Ood- 
iraot with the ShliK>wner— The Master's Duty In respect of the Crew : Bngacement ; 
Apprentloes; Discipline ; Provisions, Aooommodation, and Medical Comforts ; Paymeni 
of Wages and XHs^arge— The Master's Duty in respect of the Paasengen— The Master*! 
Financial BesponsibiUties— The Master's Dnty in respect of the Cargo— The Master'h 
Ihity in Csse of Casualty— The Master's Dnty to certain Pnbllc Anthoiitlee— The 
Master's Dnty in relation to Pilots, Signals, Flags, and Light Does— The Master's Dnty 
apon AnriTal at the Port of Discharge— Appendices relative to certain Legal Matters : 
Board of Trade Certificates, Dietarv Scales, Stowage of Grain Cargoes, Load Line Begnla- 
tlons, LIfe-saTing Appliances, Carnage of Cattle at Sea, Ac., dkc.— Copious Index. 

**No intelligent Msster should fidl to add this to his list of necessary books. A few •■»«• 
of it may sayx a lawthi's na, bbsidbs aimLBSS wova.'^— Liverpool Jovntal of Oonunene. 



FIRST AID AT SEA. 

Thibd Edition, Revised. With Coloured Plates and Numerous Illustra- 
tions, and comprising the latest Regulations Respecting the Carriage 
of Medical Stores on Board Ship. Price Os. 

A MEDICAL AND SURGICAL HELP 

FOR SHIPMASTERS AND OFFICERS 
IN THE MERCHANT NAVY. 

By WM. JOHNSON SMITH, P.RO.S., 

Principal Medical Officer, Seamen's Hospital, Oreenwicfa. 

*** The attention of all Interested in oar Merchant Navy is requested to this ezceedla^lj 
aaefol and Talaable work. It is needless to say that it la the ontoome of many y««ts 
FBAonoAL aznaiBMCs amongst Seamen. 

** SonvD, junioiona, sballt bxlpfdx..'*— TAc Lanod. 



Ninth Edition. Revised, with Chapters on Trim, Buoyancy, and CcUcula- 
turns. Numerous Illustrations. Handsome Cloth, Crown 8vo, Pries. 7s, 6d. 

KNOW YOUR OWN SHIP. 

By THOMAS WALTON, Naval Architect. 

Speoially arranged to suit the requirements of Ships' Officers, Shipowners, 
Superintendents, Draughtsmen, Engineers, and Others. 

This work explains, in a simple manner, snch important sabjeota as:— Displacement.— 
Deadweight —Tonnage.— Freeboard. — Moments. — finoy ancy. — Strain.— Strnctnre.— Stab- 
iUty.— Boiling.— Ballasting. — Loading. — Shifting Cargoes. — Admission of Water.— SaU 
Area. — ftc. 

"The little book will be found bxcbbdiholt hahdt by most ofllcen and offldals oonneetad 
with shipping. ... Mr. Walton's work will obtain lastiho succiss, because of its nniqne 
lltneBS for those for whom It has been written."— •STA/ppifH^ World. 



BY THB BAMB AUTHOR. 

STEEL SHIPS: Their Construetlon and Maintenance. 

(See page 38.) 
*^* For Complete list of GBiTON'a Nautioal Sbbibs, see p. 89. 

LONDON : CHARLES GRIFFIN A CO., LIMITED. EXETER STREET, STRAUS. 



44 0HARLE8 GRIFFIN A OO.'S PUBLICATIONS, 



BiznxMTH Edition, Thoroughly Revised, Laargt 8in), CloiK 

pp, i-zxiv + 712. WU,\ 2i50 Illustrations, reduced from 

Wcrhing Drawings^ and 8 PkUes, 2ls, net, 

A MANUAL OF 

MARINE ENGINEERING: 

OOMPRISmG THE DESIGNING, OONSTRUCTION, AND 
WORKING OF MARINE MAOHINBRT. 

By A.E. SEATON, H.LC.E., H.LHe6lLE., H.LN.A. 

Gknsbal Contents. — Pabt I. — Prinoiples of Marine PropnlBion. 
Past IL — PrinoiDlee of Steam En^eenng. Part in. — Detaile of 
Marine Engines : Design and Calculations for Cylinders, Pistons, Valves, 
Expansion Valves, &c. Part IV. ~ Propellers. Part V. — Boilers. 
Part VI. — ^MisoeUaneoas. 

"The Student, Dimofhtman, and Engineer will find this work the moer VALOABLr 
Handbook ot RefBrenoe on the Marine Engine now in exiitenee."— JforiM Smoi$ 



Ninth Edition, Thoroughly Revised. Pooket-Sise, Leather. 8b. 6d. 

A POOEST-BOOK OF 

MARINE ENGINEERING RULES AND TABLES, 

VOR THB UBS OF 

Marine Engineers. Naval Arehiteets, Designers, Dranghtsmen, 

Saperintendents and Others. 

Bt A. R SEATON, M.I.O.E., M.I.Mech.K, M.I.N.A.. 

AND 

H. M. ROXJNTHWAITB, M.LMeclLE., M.I.N.A 

" The best book of tta Und, and the information is both up-to-date and reliable.' -> 
Sngineer. 

In Large 8vo. Handsome Cloth. With Frontispiece, 6 Plates, 
65 other Illustrations, and 60 Tables. 128. 6d. net. 

rrfiCE scirx3iiir propesi^i^er 

And other Competing Instruments for Marine Propulsion. 
By a. E. SEATON, M.Inst.C.E., M.LMech.E., M.LN.A. 



In Pocket Size. With 368 Pages. Ss. 6d. net 
ENGLISH-SPANISH and SPANISH-ENGLISH. 



By Fleet-Paymaster GRAHAM-HEWLETT. 

** Host complete . . . usefal . . . we can heartily recommend it."— 3(«aiN«A{p. 



In Crown 8vo. Handsome Cloth. Many Diagrams. 2s. 6d. net. 
DEFINITIONS IN NAVIGATION AND NAUTICAL ASTRONOMY. 

By p. GROVES-SHOWELL, 

Head of ttie Navivation Department, L.C.C. School, Poplar. 

**Hr. Groves-Showell writes with a fUll knowledge of his subject, and with admirable- 
cleaniesa "Ship^Uder. 

U^NDON: GH/RLES GRIFFIN ft CO.. UM TED, EXETER STREET, STRAND. 



JSNOlJUKMiRlNO AND MJCOHANICS. 45 

Second Edition, Revised. In Crown 8tH>, extrck^ wUk Diagrams 

and FMrng-PkUe, 7i. dd. net. 

THE CALCULUS FOR ENGINEERS 

AND PHYSICISTS, 

AND DIFFEBENTIATION, 



With Applications to Teehnieal Problems; 

AND 

OI1A88IFIBD REFSBENCJ8 I1I8T OF IHTBGBAIiS. 

Bt prof. ROBERT H. SMITH, A. M.Inst. C.E., M.LMioh.E., kc. 

'* InterettlBff diAgraint, with pnctlcal Ulustntlons of actoftl occu r rence, are to be foond bare 
In ftbondMice. Tn ▼■kt oomnwn OLAtairiSD mvbiliiicb tabu will prore rtxj naofoJ In 
MTliiff the time of thoee wbo want an intecral in a hnrrj.'*— 31U Enoinmr, 



in 4to, Hoard; 7%. 6d. 

EASUREMENT CCNVERSICN8 

(Bnglish and French) : 

48 GRAPHIC TABLES OB DIAGRAMS, ON 28 PLATES. 

showing at * gUnoe the Mutual Contmbsion of Msabubbmihts 

in DivRKKNT Units 

Of Tierngthi, Atom, Yolnmet, Weights, Stresses, Densities, Quantities 

of Work, Horse Powers, Temperatures, Ao. 

For the use of Englrieen, Surveyon, AroMtoate, nnd Contnwton. 

Bt prof. ROBERT H. SMITH, A.M.In6T.C.E., M.I.Mbch.E., Ac. 

*^^ These Tables form the most unique and oomprehensiye oolleotion 
oyer plaoed before the profession. By their use mnob time and labour wiU 
be saved, and the ohanoes of error in calculation diminiahed. 



Thibd Edition. Pocket Sise, Leather Ump, with Gilt Bdges and Bounded Comert, 
printed on Special Thin Paper, with Illnstratlona, pp. 1-zil + 884. Price 18a. net. 

(THE NEW "NYSTROM") 

THE MECHANICAL ENGINEErS REFEREHCE BOOK. 

By henry HARRISON SUPLEE, B.Sc., M.E. 

** We feel anre it will be of great aerrlce to mechanical englneen."— J^n^neeriiv. 



THE STUDENT'S MECHANICS: 

An Introdnetlon to the Stady of Foree and Motion. 

By WALTER R. BROWNE, M.A., M.Inst.C.E. 

With Diagrams. Crown Sto. Cloth, 41. 6d. 

''Clear in ityle aad ptacdcal in method, 'Tm SrODBrKs Mkmamxcs' ii coidially la be 
~ from all pobta ol* view."— itMtfMMnwt. 



By thb Same Author. 

FOUNDATIONS OF MECHANICS. 

Papen teprinteri from the Enginttr, In Crown 8*0, it. 

lONDON : CHARLES QRIFFIN * CO, UMITEO, EXETER STREtT. STRANa 



46 OHARLBS QHIFFIN * OO.'S PUBLICATIONS. 

ELECTRICAL ENGINEERING. 

Second Edition, Revised, in Large ^uo. Handsome Cloth, Profusely 
Illustrated with Plates^ Diagrams, and Figures. 241. net, 

CENTRAL ELECTRICAL STATIONS: 

Their Design, Organisation, and Management. 

By CHAS. H. WORDINGHAM, A.K.C, M.Inst.C.E., M.Inst.Mkch.E., 
Late Memb. of Council Inst E. E., and Electrical Engineer to the City of Manchester : 

Electrical Engineer-in>Chief to the Admiralty. 

" One of the most valuablb contributions to Central Station literature we have had 
for some time,"— Electridtjf. 



In Large 8vo. Handsome Cloth. Profusely Illustrated. 12s. 6d. net 

ELECTRICITY CONTROL. 

A Tpeatlse on Bleetrie Switehgear and Systems of Electrtc Transmission. 

By LEONARD ANDREWS. 
Associate Membei of the Institution of Civil Engineers, Member of the Institution of 

Electrical Engineers, &c 

General Prinaples of Switehgear Design. —Constructional Details —Circuit Breakers or 
Arc Interrupting Devices.— Automatically Operated Circuit- Breakers.- Alternating Reverse 
Current Devices. — Arrangement of 'Bus Bars, and Apparatus for Parallel Running.— 
Ceneral Arrangement of Controlling Apparatus for High Tension Systems. — General 
Arrangement of Controlling Apparatus for Low Tension Systems. — Examples of Complete 
Installations.— Long Distance Transmission Schemes. 

" Not of^en does the specialist have presented to him so satisfnctory a book as this. . . . 
We recommend it without hesitation to Central Station Engineers, and, in fact, to anyone 
interested in the subject." — Power. 



Large 8vo, Cloth, with 334 Pages and 307 Illustrations. 16s. net. 

ELECTRICITY METERS. 

By henry G. SOLOMON, A.M. Inst. E.E. 

Contents. — Introductory. — General Principles of Continuous - Current 
Meters. — Continuous-Current Quantity Meters.— Continuous-Energy Motor 
Meters. — Different Types — Special Purposes, i.«.. Battery Meters, Switchboard 
Meters, Tramcar Meters. — General Principles of Single- and Polyphase Induc- 
tion Meters. — Single -phase Induction Meters. — Polyphase M!eters. — Tariff 
Systems. — Prepayment Meters. — Tariff and Hour Meters.- Some Mechanical 
Features in Meter Design. — Testing Meters. — Index 

'* An earnest and sncceasfnl attempt to deal oomprehenHively with modern methods of 
mMiBuring current or power in electrical installations."— ^M^ne«Hn^. 

In Large 8vo. Handsome Cloth. Fully Illustrated. 

By HERMANN BOHLE, M.I.E.E., 

Prof, of Electrotechnics, S.A. College, Cape Town, 

And Professor DAVID ROBERTSON, B.Sc., A.LE.E., of Bristol. 
Contents.— General Priuciples.— Magnetising and No-Load Carrents.— Loeses in 
Transformers.— Iron Losses.— Copper Losses. -Temperature Rise.— Magnetic Leakage.— 
Leakage Inductance.— Vector Diagrams for Transformers.— Systematic Testing of Trans- 
formers.- Insulating Materials.— Examples of Construction.- Design of TranslormerB.- 
Applications of Transformers.— Regulating and Phase-Changing Transformers.— Index. 

LONDON: CHARLES GRIFFIN h CO.. LIMITED. EXETER STREET. STRAND. 



ELECTRICAL EJSOINEERINQ. 47 

In Large Crown 8vo. Handsome Cloth. Fully Illustrated. Ss. net. 

TELEGRAPHIC SYSTEMS, 

AND OTHBR NOTES. 

A Handbook of the Principles on which Telegraphic Practice is Baaed, 

By ARTHUR CROTCH, of the Engineer-in-Chief's Department, O.P.O. 

CONTBKTS.— Batteries, Primary and Secondary. — Universal Battery WorUDg.— 
Duplex Teleeraphy. — Duplex and Quadruplex Telegraphy. — Automatic Telegraphy.— 
Telearaphy.— The Hujthes Type ri" 




Bepeaters. — Submarine Telegraphy. — Wireless Telegraphy. 
DlAQRAHS OF CONNSOTtONS. 

" This book is a particularly good one ... we can thoroughly recommend it 
41 handy book of ready reference."— -Ftecfrica/ Review. 



In Large 8vo. Profusely Illustrated. Ss. 6d. net. 

WIRELESS TELEGRAPHY. 

By GUSTAVB EICHHORN, Ph.D. 

Contents.— Oscillations.— Closed and Open Oscillation Systems. — Coupled 
Systems. — The Coupling Compensating the Aerial Wire. — The Receiver. — 
Comparative Measurement in the Sender.— Theoretical Results and Calculations 
in respect of Sender and Receiver. — Close- and Loose-Coupled Sender and 
Receiver. — Formula.— The Ondameter.— Modem Apparatus and Methods of 
Working.— Conclusion. —Bibliography. — Index. 

"Well written . . . and combines with a good deal of description a careful 
tevestigation of the fundamental theoretical phenomena."— Jfa^re. 



Nineteenth Edition. Leather, Pocket Size, with 810 pages. Ss. 6d. 

A POCKET-BOOK OF 

ELECTRICAL RULES & TABLES 

FOX THB, USB OF ELECTRICIANS AND ENGINEERS, 

Bt rOHN MUNRO, C.E., & Prof. JAMIESON, M.Inst.C.E., F.R.S.il. 

*' WoHl>BKFULLV PsapacT. . . . Worthy of the highest rowimendatioa we can 
five 'HL^—SUctricum. 



OBIFFIN'S ELEOTBIGAIi PBIOE-BOOK : For Electrical, Civil. 
Marine, and Borough Engineers, Local Authorities, Architects, Railway 
Contractors, &c. Edited by H. J. Dowsing. Second Edition. 8s.6d. 



ELECTRIC SMELTING AND REFINING. By Dr. W. Borchebs 
and W. G. McMillan. [See p. 67. 

ELECTRO - METALLURGY, A Treatise on. By Walter G. 
McMillan, F.I.C., F.C.S., and W. R. Cooper. [See p. 67. 

ELECTRICAL PRACTICE IN COLUERIES. By D. Burns, M.E., 
M. Inst. M. E. [See p. 57. 

ELECTRICAL SIGNALUNG IN MINES. By Gerald J. Hooo- 
wiNKEL, M. I. E. E. , &c. {in A dive Preparation, 

LONDON: CHARLES GRIFFIN A CO.. LIMITED. EXETER STREET. STRAND. 



48 0HARLE8 GRiFFW db 00.*S FOBLICATJOI<f6, 

In Four Volumes, Crown 8uo, Fully Illustrated, Sold Separately, 

All ELEIEHTiRT TEXTBOOK OF PET8IG8. 

By R. WALLACE STEWART, D.Sa (Lond.) 
J(78T Published. Cloth. With 142 Illnstrations. 38. 6d. net 

I^ I O H T. 

CoNTBMTS. — Introductory. — Rectilinear Propagation of Light. — 
Photometry. — Reflection at Plane Barf aces. — Reflection at Spherical 
Sarfaces. — Refraction. — Refraction through Lenses. — Dispersion. — Index. 

Vol. II. With 141 Pages and 48 Illustrations. 2s. 6d. net. 

SOUND. 

Contents. — Simple Harmonic Vibratiou. — Production of Sound. — 
Wave Motion. — Propagation of Sound. — Characteristics of Sound. — Re- 
flection and Refraction of Sound. — Velocity of Sound in Air and Water. — 
Transverse Vibration of Strings. — Longitudinal Vibration of Rods and 
Columns of Air. — Index. 



Other Volumes In Preparation, and which will be Published Shortly, 

HESAT. MATTBR. 



In Large 8vo. With Bibliography, Illustrations in the Text, and 

Seven Plates. 12s. 6d. 

THE MEAN DENSITY OF THE EARTH. 

An Essay to which the Adams Prize was Adjudged in 189a 

in the University of Cambridge. 

By J. H. POYNTING, Sc.D., F.R.S. 

"Cannot fail to be of great and general interest."— iltA^nomm, 



Just Publishbd. In Crown 8vo, Cloth. Illustrated with 

Diagrams. 3s. net. 

THE FORCE OF THE WIND. 

By HERBERT CHATLEY, B.Sc. Eng. (Lond.), 

Pi'ofeMor of Ciyil Engineering, Tong Shan Engineering College, N. China. 

Contents. — Practical Importance of Wind Pressure. — Impulsive 
Force of the Wind. — Variations in Velocity. — Stream Line Theory. — Stress 
in Structures due to Wind. — Windmills. — Train and Motor Resistance. — 
Effect of Wind on Water. — Sconring Effect of Wind. — Index. 



In Crown 8vo. Handsome Cloth. With 22 Diagrams. 

STRESSES IN MASONRYa 

By HERBERT CHATLEY, B.Sc. Eng. (Lond.). 

Contents. — Strength of Stone. — Walls. — Columns and Piers. — 
Brackets and Cantilevers. — Simple Arches.— Vaults and Skew Arches. — 
Domes. — Retaining Walls and Domes. — Artificial Stone. — Re-inforced 
Con crete. — Index. 

\mW^'' CHARLES QRIFFIN & CO., LIMITED. EXETER STREET, STRAKa 



TEXT-BOOK OF PHYSICS, 4^ 

In Five Volnmes. Large 8vo. Sold Separately. 

A TEXT-BOOK OF PHYSICS. 

By J. H. POYNTING, Sc.D., F.B.S., 

Profesaor of Physics, Biiminghaxn University, 

And Sir J. J. THOMSON, M.A., F.B.S., 

Professor of Experimental Physics in the University of Cambridge. 



Imtroductobt Volume. Fifth Edition, Revised. FaUy Illustrated. 

lOs. 6d. 



OoamrrB. — QraTitation. — The Aoceleradon of Qravity. — Elastiei^.— Stresses and 
Strains.— TorBlon.~Bendiiif of Bods.~Splra) Springs.— Ck>Ilision.—Compresaibllity of 
Liquids.— Pressures and Volames of Gases. ^Thermal Effects Aooompsnying Strain.— 
Oapillarity.— Snrfaoe Tension.— Laplace's Theory of OapUjarity.— Diffnsion of Liqnldi- 
Diffnsion of Oases.— Vlsooeity of Liquids.— Ijiddl 

" We regard this book as qaite indiroensable not merely to teachers bat to physldsts of every 
grade above the lowest."— Univer$U$ corretpondnt. 



Volume II. . Fifth Edition. Fully Illustrated. Price 8a. 6d. 

SOUND. 

OoiTBaTs.— The Nature of Sound abd iu chief Characteristics.— The /elodty of Sound 
In Air and other Media.- BefleoTion and Bofractlon of Sound.— Freqnenoy and Pitch of 
Notes.— Basonanoe and Forced Oscillations.— Analysis of Vibrations.— Ilie Transverse 
Vibrations of Stretched Strings or Wires.— Pipes and other Air Cavities.— Bods.— Plates. 
—Membranes.— Vibrations maintained by Heat.— Sensitive Flames and Jets.— Musical 
Band.— The Superposition of Waves.— Ixdkx. 

** the work . . . maybe recommended to anyone desirous of possessing an ilasv 
or^o-DATX Stakdabo TasATiSB on Acoustics."- /.i fera(tir6 



Volume III. Third Edition, Revised. Fully Illustrated. Price 158. 

ConrsMTB. — Temperature. — Expansion of Solids. — Liquids. — Gases. — Circulation 
and Convection.— Quantity of Heat ; Specific Heat.— Conductivity.— Forms of Energy ; 
Conservation ; Mechanical Equivalent of Heat.— The Kinetic Theory— Change of State; 
LiqJid, Vapour.— Critical Points.— Solids and Liquids. — Atmospheric Conditions.- 
Badlation.— Theory of Exchanges.— Eadiatl<Hi and Temperature.— Thermodynamics.— 
Isothermal and Adiabatlc Changes.— Thermodynamics of Changes of State, and Solu* 
tlons.— Thermodjmamics of Badiatlon.— Index. 

" Well up-to-date, and extremely clear and exact throughout. ... As clear as 
It would be possible to make such a text-book *'— Nature. 

Remaining Volnmes in Preparation — 

IiiaHT; MAQNBTISM AND ELECTBICITY. 

LONDON : CHARLES GRIFFIN A CO., LIMITED, EXETER STREET, STRAND. 



so CHARLES OBIFFJN A 00/JS PUBLICATIONS. 

CHIFFIN'8 LOCAL COYERNMENT HANDBOOKS, 

WORKS SUITABLE FOR MXTNICIPAL AND COUNTY ENGINBBRS, 

ANALYSTS, AND OTHERS. 

See also Dayies' Hygitiu, p. 99, and MacLeod's Co^eutottoiM, p. 110 Oeneral Catalogue. 

Gas Manufacture (The Chemistry of)- ^ Handbook on the Pro- 

daction, PariflcatloD, and Testing of Ulaminatiog Gas^and the Auay of Bye-Pro- 
dacts. By W. J. A. Butterfikli), M.A., F.LC^F.C.S. With lUtistrations. FouxTH 
BDinoif , ReTlsed. Vol. I., 78. 6d. net. Vol. II., in preparation. [See page 77. 

Water Supply : A Practical Treatise on the Selection of Sources and the 
Distribution of Water. By Rbgikald K Midolbtom, M.Inst.C.E., H.Inst.Mech.E., 
F.S.L With Numerous Plates and Diagrams. Crown Svo. Ss. 6d. net. [See page 77. 

Central Electrical Stations : Their Design, Organisation, and Manage- 
ment. ByC. H. WORDINOHAM, A.K.C.,M.I.C.E. SBCOVDEDrriOH. 24s.net. [Seep. 46 

Electricity Control. By Leonard Andrews, A. M. Inst. C. E. , M.I. E. £. 
12s. Od. net. [See page 46. 

Electricity Meters. By Henry G. Solomon, A.M. Inst. £.E. 16s. 
net. [See page 46. 

Trades' Waste : Its Treatment and Utilisation, with Special Referenue 
to the Prevention of Rivers' Pollution. By W. Natlor, F.C.8., A.M.Inst.G.E. 
With Numerous Plates, Diagrams, and Illustrations. 21s. net. [See page It. 

Calcareous Cements : Their Nature, Preparation, and Uses. With 
some Remarks upon Cement Testing. By Gilbert Rxdorave, Assoc.Inst.C.S., 
and Chas. Spaokman, F.C.S. Second Edition. With Illustrations, Analytical 
Data, and Appendices on Costs, <fec. 16s. net. [See page 76. 

Road Making and Maintenance : A Practical Treatise for Engineers, 
Surveyors, and others. With an Historical Sketch of Ancient and Modem Practice. 
By Thomas Aitkbn, A8soc.M.Inst.C.B., &q. Second Edition, Revised and En- 
larged. 218. net. [See page 70. 

The Principles of Sewage Treatment. By Prof. Dunbar, of Ham- 
burg. Translated by H. T. Cal>'ERT, M.8c., Ph.D., F.I.C. ISs. net. [See page 76. 

Light Railways at Home and Abroad. By William Henry Colk, 

M.Inst.C.E., late Deputy Manager, North- Western Railway, India. Large 8vo, 
Handsome Cloth, Plates and illustrations. 16s. [See page 80. 

Practical Sanitation : A Handbook for Sanitary Inspectors and others 
interested in Sanitation. By Geo. Reid, M.D., D.P.H., Medical Officer, Staffordshire 
County Council. With Appendix (re- written) on Sanitary Law, by Herbert Manley, 
M.A., M.B., D.P.H., Barrister-at-Law. Thirteenth Edition, Thoroughly Revised. 
6b. [See page 78. 

Sanitary Engineering: A Practical Manual of Town Drainage and 
Sewage and Refuse Disposal. By Franois Wood, A.M.Inst.C.E., F.G.S. Second 
Edition, Revised. Fully Illustrated. 8s. 6d. net. [See page Ih. 

Dairy Chemistry: A Practical Handbook for Dairy Managers, Chemists, 
and Analysts. By H. Droop Richmond, F.I.C.. Chemist to the Aylesbury Daiiy 
Company. Second Edition, Revised. With Tables, Illustrations, ^tc. Handsome 
Cloth. [See page 78. 

Dairy Analysis: The Laboratory Book of. By H: Droop Richmond, 
F.I.C. Fully Illustrated, Cloth. 2s. 6d. net. [See page 78. 

Milk: Its Production and Uses. With Chapters on Dairy Fanninsr, 
The Diseases of Cattle, and on the Hygiene and Control of Supplies. By EDWARD F. 
WiLLOUOHBT, M.D. (Lond.), D.P.H. (Lond. and Camb.), 6e. net. [See page 78. 

Flesh Foods : With Methods for their Chemical, Microscopical, and 
Bacteriological Examination. A Handbook for Medical Men, Inspectors, Analysts, 
and others. By C. Ainsworth Mitchell, B.A., F.I.C., Mem. Council Soc. of Publle 
Analysts. With numerous Illustrations and a coloured Plate. lOs. 6d. [See page 72. 

Foods: Their Composition and Analysis. By A. Wynter Bltth, 
M.R.C.S., F.C.S., Public Analyst for the County of Devon, and M. W JBlttb, 
B.A., B.SC. With Tables, Folding Plate, and Frontispiece. Fifth EDmoN, 
Thoroughly Revised. 21s. [See page 78. 
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Demy Svo, HanAaorns cloth, 348. 

StratigrapMcal Geology & Paleontology, 

OJf TEE BASIS OF PHILLIPS. 
By ROBERT ETHERIDGE, F.R.S., 

OF THB NATURAX. HIST. DBPARTMBNT, BRITISH UVSBUU. LATB PAX-^BONTOLOCIST TO TUB 
GBOLOGICAX. SURVEY OF GRBAT BRITAIN, PAST PRBSIDBNT OF THB 

CBOLOGICAI. SOCIBTY, BTC 

miitb Aap, Vlumerous ITabledt ani) XTbirtisydix pUitea. 

" No Midi oompendium of geological knowledge has ever been bnmgkt together beloiB."— 
iVtMhrnmsUr RevUw, 

" If Pbof. Sbblby's volume was remaiicable for its originality and the breadth of its view». 
Mr. JCthbbidgb fiiUv justiiies the assertion made in his pre&ce that his book differs in cod 
^traction and detail nom any known manual. . . . Most take high rank among worb» 

OP RBFBRBNCB.*— ^MmMTIMMI. 



AIDS IN 

PRACTICAL GEOLOGYs 

WITH A SECTION ON PALjEONTOLOGY. 

By professor GRENVILLE COLE, M.R.I.A., F.G.S. 

Fifth Edition, Thoroughly Revised. With Frontispiece and 

Illustrations. Cloth. los. 6d. 

OBNERAL OONTBNT&— 
PART I.— Sampling of the Earth's Crust. 
PART II.— Examination of Minerals. 
PART III.— Examination of Rocks. 
PART IV.— Examination of Fossils. 

" Dbsbrving of THB HiGHBST PRAiSB. Here indeed are ' Aids ' innumbrablb and 
INVALUABLB. All the directions are given with the utmost dearaess and predsion."— 
Aikintntm. 

"That the woik deserves its title, that it is full of 'Aids/ and in the highest degre* 
PRACTICAL,' will be the verdict of all who use '\XJ*^Natur$. 



An Introduction to Geology Out-of-doors. 

By PROFESSOR GRENVILLE COLE, M.R.I.A., F.G.S. 

For details, see Gnfllin's Introductory Science Series, p 85. 



Crown Svo, Handsome Cloth, 2s, 6d, 

RESEARCHES ON THE PAST AND PRESENT HISTORY 

of 

THE EARTH'S ATMOSPHERE. 

Inoluding the latest Diacoueries and their Practical Applications. 

By dr. THOMAS LAMB PHIPSON. 

Part I. — The Earth's Atmosphere in Remote Geological Periods. 
Part II. — The Atmosphere of our present period. Appendices ; Index. 

"The book should prove of interest to general readers, as well as to meteorologists arid 
.other students of science." — Nature. 
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PR08PB0TIN0 AND COLONISATION. sj 

GRIFFiyS *'NEV LAND^^ SERIES. 

PracUcal Hand-Booka for ths Use oj Prospectors^ Fxplorsrs^ 

SeUlsTBy Colonists, and all Interested in the opening 

up and Development of New Lands, 

Edited by GRENVILLE A. J. COLE, M.R.I.A., F.Q.S., 

Professor of Oeology In the Royal College of Science for Ireland, and Examiner in 

the Unlyentty of London. 



In Oroion Svo, Handsome Cloth, da. 
l^Hth Numerous Maps Specially Drawn and Executed for this Work, 

NEW LANDS: 

THEIB BESOUBCES AND FBOSPEOTIVB 

ADVANTAGES. 

By HUGH ROBERT MILL, D.Sc, LLD., F.R.S.B., 

'*A want admirably topplied. . . . Has the advantage of being written by a pro- 
•8s<*d Geographer/'— ^eo^rapAiea/ Journal. 



With many Engravings and Photograpba. Handsome Cloth, 4a. 6d. 

FOOD SUPPLY. 

By ROBERT BRXJOE, 

Agricultural SaperinteDdent to the Royal Dublin Society. 

With Appendix on Preserved Foods by C. A. Mitcthell, B.A, F.LC. 

" The work is one which will appeal to those intending to become farmers at home 
or in the Colonies, and who desire to obtain a general laea of the tme principles of 
■farming hi ALL ITS BRASiMES."— Journal qf the Royal Colonial Inst. 



FiTTH Edition. With Illustrations, Handsome Clothe 6s, 

PROSPECTING FOR MINERALS. 

A Praatioaf Handbook for ProapectorSf Explorers, Settlers, and all 
interested in the Opening up and Development of Mew Lands, 

Bt S. HERBERT COX, A8soc.R.S.M., M.In8t.M.M., F.G.S., 
Professor of Mining at the Rojral School of Mines. 

Gknkral Contents. — Introdnction and Hints on Geology— The Detennina- 
iion of Minerals : Use of the Blow-mpe, &o. — Rook-forming Minerals and Non- 
Metallic Minerals of Commercial Value : Rock Salt, Bora^ Marbles, Litho- 
Saphic Stone, Quarts and Opal, &c. . Ac. — Predons Stones and Gema— Stratified 
eposits: Coal and Ores— Mineral Veins and Lodes — Irregolar Deposits- 
pvnamios of Lodes: Faults, &a — ^Alluvial Deposits— Noble Metals: Gk>ld. 
Pfatinmn, Silver, fta — Leaid — Mercury — Cooper — ^Tin — Zino— Iron — Nickel. 
&C.-— Sulmiur, Antimony, Arsenic, ^—Combustible Minerals— PetroleaTn 
Creneral Hints on Prospecting — Glossary — Index. 

"I his ADxniABLE LiTTLi WORK . . . written with flomiTino aoouraot in 
<jLBAR and Luom style. ... An mpOBTANT addition to technical literature . . . 
—Mining JoumaL 
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SIR CLEMENT LE NEVE FOSTER, D.Sc, F.R.S. 

Sixth Edition. With Frontispiece and 716 Illustrations. Price 34«. 

ORE &^ STONE MINING. 

Bv Sir C. LE NEVE FOSTER, D.Sc, F.R.S., 

LATE P&OPS8SOR OP MINING, ROYAL COLLBGB OP SCIBNCB. 

Revised, and brought up-to-date 
By BENNETT H. BROUGH, F.G.S., Assoc.R.S.M. 

GENERAL CONTENTS. 

IllTRODUCTION. Mode of Oeeuppenee of IIln6rals.—Ppo8peetiiig.— Boring. 
-Bpeaking Ground. —Suppoptinff Bxeavations.— Exploitation.— Haulage or 
Transport.— Hoisting or winding. — Drainage. — Ventilation. — Lighting. — 
Deseent and Aseent.— Dressing— Principles ofEmployment of Mining Labour. 
—Legislation affecting Mines and Quarries. — Condition of the Miner.— 
Accidents.— Index 

"We have seldom had the pleasure to review a work so thorough and complete as- 
the present one. Both in manner and In matter it is tab superior to AHTTHIKO on 

ITS SPECIAL SUBJECT HITHERTO PUBLISHED IN ENGLAND."- .^tA^rueum. 

" Not only is this work the acknowledged text-book on metal mining in Great Britain 
and the Colonies, but that it is so regarded in the United States of America is evidenced 
by the fact that it is the book on that subject recommended to the students in most of 
the mining schools of that country."— rA« Timet, 



In Crown 8vo. Handsome Cloth. With nearly 900 Xlluatrations, many of 
them being full page reproductions of views of great interest. Price 78. 6d. net. 

THE ELEMENTS OF MINING AND QUARRYING. 

An Introductory Text-Book for Mining Students. 
By Sir C. LE NEVE FOSTER, D.Sc, F.RS., 

Late Professor of Mining at the Boyal Ck>llege of Science. 

General Contents. — Introduction. — Occurrence of Minerals. — Pro- 
spectixu^ — Boring. — Breaking Q-rouud. — Supporting Excavations. — Exploita- 
tn>n — Haulage or Transport. — Hoisting or Winding.— Drainage. — Ventilation. 
—Lighting. — Descent and Ascent —Dressing, &c. — Index. 

" A remarkably clear survey of the whole field of mining operations."— JS^tMW. 

" Rarely does it fall to the lot of a reviewer to have to accord such unqualified praise aa- 
this book deserves. . . . The profession generally have every reason to be grateful to 
Sir C. Le Neve Foster for having enriched educational literature with so admirable an 
elementary Text'book.'*- ifintf^^ Jowmal, 



In Large Crown 8vo. Fully Illustrated. 6s. net. 

THE INVESTIGATION OF MINE AIR: 

An Account by Several Authors of the Nature, Significance, and Practicat 

Methods of Measurement of the Impurities met with in the 

Air of Collieries and Metalliferous Mines, 

EDITED BY 

Sir clement LE NEVE FOSTER, D.Sc, F.R.S., 
And J. S. HALDANE, M.D., F.R.S. 

We know of nothing essential that has been omitted. The book is liberally supplied 
with illustrations of apparatus."— C^/firr^ Guardian. 
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WORKS ON COAL-miNiNQ. 

FoTTH EDinoN, Revised and Greatly Enlarged. With 4 Plates and 

690 Illustrations. Price 24s. net 

A TEXT-BOOK OF COAL-MINING: 

FOR THE USE OF OOLUERY MANAGERS AMD OTHERS 
ENQAQED IN COAL-MIN/NQ. 

By HBRBERT WILLIAM HUGHES, F.G.S., 

Anoc. Bojral School of Mine*, Genenl Maiucer of Sand well Park OolUery. 

GsNMBAL Contents. ~ Geology.— Search for Coal.— Breaking Gronnd.— 
Sinking.— Preliminary Operations. — Methods of Working. —Haulage. — 
Winding. —Pumpine. — ^Ventilation. — Lighting. — Works at Surface. —Pre- 
paration of Coal for Market.— Indbx. 

**Qiiite THB BB8T BOOK of its kind ... at nACTiCAL In aim as a book can be . . . T^ 
lllosfcrations are BXCBLi.sinp.''—^(A«iMMJN. 

'* We cordially recommend the work."— Olo(U«ry Chuurdlan. 

" Will Boon come to be regarded as the btabdabd work of lt« kind." Birmingham Daily Qamm. 

I 
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Fourth Edition, Thorouffhly Revised and Greatly Enlarged. Re-set 
throughout Large Crown Svo. Handsome Cloth. 12s. 6d. 

PRACTICAL COAL-MINING: 

4 MANUAL FOR MANAaSBS, nNDBR-MANAGBRS, 
OOLLXERY XNGIKBERS, AND OTHBR8. 

With Worked-out ProbUnu on Haulage, Pumping, Ventilation, die, 

Bt GEORGB L. KERR, M.K, M.Ik8T.M.E. 

Contkntb.— The Sources and Nature of Coal.— The Search for CoaL— 
Sinking.— Explosives.— Mechanical Wedges.— Rock Drills and Coal-cutting 
Machines. — Coal-cnttins by Machinerv.— Transmission of Power. — Modes of 
Working^. — Timbering Koadways. — Winding CoaL — Haulage. — Pumpinfi;. — 
Ventilation.- Safety Lamps.— Surface Arrangements, Surveying, Levelling, 
kc. 

"An BBSBBTiAUT TMAOtickL woBK, and Can be conAdenlljr recommended. No de|»artment 
of Ooal-Mlnlng baa been oTerlooked."— Ai9<iiMr«' Oaaetu, 



Second Edition, Revised. In Crown 8vo. Handsome Cloth. 

With 200 Illustrations. 3s. 6d. 

ELEMENTARY COAL-MINING: 

FOR THIS USB OF STUDENTS, MINERS, AND OTHERS 
PREPARING FOR EXAMINATIONS. 

By GEORGE L. KERR, M.E., M.Inst.M.E. 

Contents.- Sources and Nature of Coal.— Exploration and Borinjg for 
Coal.— Breaking Ground.— Explosives. Blasting, ftc — Sinking: and Fittinc 
of Shafts. — Modes of Working. — Timbering Roadways. — Winding and 
Drawiuff.— Haulage.— Pumping and Drainage.— Ventilation. — Cleaning and 
Sorting Coal.— Surveying, &c. 

** An abundance of Information conreyed in a popular and attnetlTe form. . . . Will be 
of great OM to all who are In anjr wa/ Interested in coal mining."— AeottM Ortiic, 
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Thirteenth Edition, Revised. With Nameioos Diagnunt. 

Cloth, 78. 6d. 

A TREATISE ON MINE-SURVEYING: 

For the uae of Managen of Mines and Co/llerlea, StudenU 
at the Royal School of Mines, do. 

By BENNETT H. BROUGH, ASSOC.R.S.M., F.G.S., 

Formerly Instructor of Mine-Surveying. Royal School of Mines. 

Contents. — General Explanations. — Measurement of Distances. — Miners 
Dial— Variation of the Magnetic Needle. — Surveying with the Magnetic Needle 
in the Presence of Iron. — Surveying with the Fixed Needle. —TTie German Dial. — 
The Theodolite. — Traversing Undei]ground.— Surface Surveys with the Theodo- 
lite. —Plotting the Survey. — Calculation of Areas. —Levelling. — Connection of the 
Underground and Surface Surveys. — Measuring Distances b3r Telescope.— Settin^- 
out.— Mine-Surveying Problems. — Mine Plans. — Application of the Magnetic 
Needle in Mining. — Photographic Surveys. — Appendices. — Index. 

" Its CLBARNBSS of STVLA. LUCIDITY of DBSCRIPTION, and FULNESS of DETAIL haTe looff ago woo 
for it a place unique In the literature of this bnuach of mining engineering, and the present emtion 'ully 
maintains the high standard of its predecessors. To the student, and to me mining engineer alike, its 
VALUE is inestimable. The illustrations are excellent.*'— TMt HHmnii^ y^umal. 



In Crown 8vo. Handaome Cloth. Fully Illustrated. 68. net. 

A HANDBOOK ON 

THEODOLITE S0RYETIN6 AND LEVELLING. 

For the uae of Students in Land and Mine Surveying. 
By Professor JAMES PARK, F.G.S. 

Contents. — The Scope and Object of Surveying. — Land Surveying. ~ 
The Theodolite. — ^Ghains and Steel Banda. —Obstacles to Allignment. — 
Meridian and Bearings. — The Theodolite Traverse. — Co-ordinates of a 
Station. — Calculation of Omitted or Connecting Line in a Traverse. — 
Calculation of Areas. — Subdivision of Land. — Triangulation. — Determina- 
tion of True Meridian, Latitude and Time. —Levelling. — Kail way Curves. 
— Mine Surveying. — Surveying Boreholes. — Index. 

"A book which should prove as useful to the professional surveyor as to the 
sta lent. "—Nature, 



Second Edition, Revised. Crown 8vo. Handsome Cloth. Illustrated. 6s. 

MINING GEOLOGY. 

A TEXT-BOOK FOB MININa STUDENTS AND MINERS. 

By prof. JAMES PARK, F.G.S., M.In8t.M.M., 

Professor of Mining and Director of the Otago University School of Mines ; late Director 
Thames School of Mines, and Geological Surveyor and Mining Geologist to the 

Government or New Zealand 

Gbnibal Contents.— Introduction. -Classification of Mineral Deposits.— Ore Veins, 
their Filling, Age, and Structure.- The Dynamics uf Lodes and Beds. -Ore Deposits 
Genetically Considered— Ores and Minerals Considered Economically.- Mine Sampling 
and Ore Valuation.— The Examination and Valuation of Mines.— Index. 

"A work which should find a place in the library of every mining engineer."— 
Mining World . 
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WOBKS FOB MINEBS AND STUDENTS. 



Tbibd Edition. In Oroton Bvo, Handttome Cloth. With 30 New 

lUustrcUiona. 

ELECTRICAL PRACTICE IN COLLIERIES. 

Bt D. burns, M.E., M.IN8T.M.E., 

Leetnrer on Hinlnff and Geology to tba Glasgow and West of Scotland Teohnloal OoHefe. 

UxiitB of Measurement, Condncton, &c. — The Theory of the DjrDamo.~The 
Dynamo, DetaOa of Constniction and Working. — Motors. — lighting InstaDa- 
tioni in Collieries. — Pmnpuu[ h^ Electricity. — Electrical Mttolage. — Goal 
Cutting. — BiisoeUaneoas Appucations of Electricity in Mines. — Coal Mines 
Regulation Act (Electricity). — Index. 

"A clear and conciw introduction to electrical practice in collieries."— Jf^ntfi^ 
Journal . _ _ . 

In Crown 8vo, Handsome Cloth. 8b. 6d. net. 

MINING LAW OF THE BRITISH EMPIRE. 

Bt CHAELES J. ALFORD, F.G.S., M.In8t.M.M. 

Contents.— The Principles of Mining Law. —The Mining Law of Great 
Britain. — British India.— Ceylon.— Burma.— The Malay Penmsula -British 
North Borneo . — Egypt. — Cyprus. — The Dominion of Canada. — British 
Guiana.— The Gold Cfoast Colony and Ashanti.— Cape of Good Hope.— 
Natal. — Orange River Colon v. — Transvaal Colony. — Rhodesia. — The 
Commonwealth of Australia.— New Zealand, &c. — Index. 

" Cannot fail to be uaeful ... we cordially recommend the boolc'*— JTtmn^ World. 

Fourth Edition. In Large %vo. Price lOg. 6cf. 

MINE ACCOUNTS AND MININQ BOOE-EEEPINa. 

Fop Students, Managers, Seeretaries, and others. 

With Examples taken from Actual Practice of Leading Companitt, 

Bv JAMES GUNSON LAWN, A.R.S.M., A. M.Inst. C.B., F.G.8., 
Head of the llining Department, CambwDe School of Minet. 

Editbd by Snt C. LE NEVE FOSTER, D.Sc, F.R.S. 
'*It leems ncroasaut to nucKest how Mr. Lawb'b book oonld be made more ooMPura or 
more valuabls, careftal, and ezhaastlve.*'— iloeotm<aii<«* Magatint. 



Second Edition. In Pocket Size, Strongly Bound in Leather, Ss. 6d. 
Provided with Detachable Blank Pages for MS. 

THE MINING ENGINEERS' REPORT BOOK 

AND DIRECT0R8' AND 8HAREH0LDER8' CUIDE TO MINING RiP0RT8. 

By EDWIN R. FIELD, M.Inst. M.M. 

With Notes on the Valuation of Property ^ and Tabulating Reports, 

Useful Tables, and Examples of Calculations, Ac. 
"An ADlORABLT compiled book which MiDing Engineers and Managera will find 
■XTRinLT vtSEsmA."— Mining Journal 



In Crown 8vo. Handsome Cloth, niustrated. lOs. 6d. net. 

A DICTIONARY OF 

SPiHISH AHD SPiHISH-ilERICAN MIMIHG, lETlLLURGIClL 

AND ALUED TERMS. 

To ufMch some Portuguese and Portugueae-Amerloan {Brazilian) Terms are added. 

By EDWARD HALSE. A.R.S.M., 
Mem. Inst Ming, and Metail., of the Eng. Inst, of Ming, and Metall. Engn., Ac, &c. 
" Will he foand of the greatest aenrice to the mining profeiaion."— Jfiaiag Journal 
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In Mediom 8vo, Handsome Cloth. With 18 Figures in the Text, 
and 19 Folding Plates. IQs. 6d. net. 

SHAFT-SINKING IN DIFFICULT GASES. 

By J. RIEMER, 
Translated by J. W. BROUGH, A.M.In8t.C.E. 

CoNTKins. — Shaft Sinking by Hand.— Shaft Sinking by Boring.— The 
Free2dng Method. — ^The Sinking Drum Process. ^Bibuoorapht.—Sndkx. 

"The tranilator deBerres the thanks of the mining oommanlty for placing thii 
valuable work before them. . . . The work ii one which every mining engineer 
•hooldinclode in his librar7."->irini«i^ World, 



SsooND Edition, Revised. In Large Svo, with Nomeroos Illustrations 

and Folding P&tes. 10s. 6d. 

BLASTING : AND THE USE OF EIPLOSIYES. 

By OSOAR GUTTMANN, M.Inst.O.E., F.I.C., F.C.S. 

GoNTiKTS. — Historical Sketch. — Blasting Materials. — Qualities and 
Handling of Explosives. — The Choice of Blasting Materials. — l^paration 
of Blasts. — Chamber Mines. —Charging of Boreholes. — Determination of 
Charge. — ^Blasting in Boreholes. ^Firing. — Results of Working. — Various 
Blastmg Operations. — Index. 

" Should Drove a vtuU-ttucum to Mining Engineen and all engaged in practical woik." 
-iron €md Coal Tradtt RtvUw, 



In Medium 8vo, Cloth. With many Illustrations in the Text 
Four Full Page Plates and Four folding Tables. 6s. net. 

NEW METHODS OF 

TESTING EXPLOSIVES. 

By 0. E. BICHEL. 

Translated and Edited by ALEX. LARSEN, M.Inst. C.E. 

Contents. — Introductory. — HistoricaL — Testing Stations. — Power 
Gauges. — Products of Combustioa. — Rate of Detonation. — Length and 
Duration of Flame. — After-Flame Ratio. — Transmission of Explosion. — 
Conclusions. — Efficiency. 

"lU pages bristle with snggestiona and actual experimental results to an extent 
seldom found in a Tolume of Ave times its size."— ^imu and Explasivea. 



In Crown 8vo. Handsome Cloth. Fully Illustrated, 

A MANUAL ON 

ELECTRICAL SIGNALLING IN MINES. 

By GERALD J. HOOGHWINKEL, M.Inst.E.E., M.LMin.E. 

Contents.— Section I.— Electric Haulage Signals— (a) Acoustic Signals.— <fr) Optical 
Signals.— (e) Acoustic Optical Signals.— Current Supply.— Batteries.— Accumidators.— 
Main Supply.— Design and Construction of Signalling Installations.- Maintenance of 
Signalling Installations. Section II.— Klectric Shaft Signals— <a) Acoustic Signals.— (ft) 
Eleotro-Mechanioal Signals.— ^e) Optical Acoustic Signals.— Signals for Winding Minerals. 
-For Winding Men.— Signalling from the Cage. — Braergency Signals.- Bells.— Mine 
Telegraphs.— Mine Telephones. Section III.— Special Applications in Mines. 
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Skcomd Edition, HevUetl ThrouglunU. In Mediwn Svo. HUh 
yumenms hUttes, Maps, and /UustrtUioM. 21«. net. 

CYANIDING GOLD & SILVER ORES. 

A Practical Treatise on the Cyanide Process ; its Application, 
iVIethods of Worlcing, Design and Construction of 

Plant, and Costs. 

By H. FORBES JULIAN, 

Mining and MeUllarglcal BnginMr : 8p«cialist In Qold : Lata Technical Advlier of tha 
Dentache Gold and Silber Bcbeide Anatalfc. Frankfort-on-Hatna. 

And EDGAR SMART, A.M.LO.E., 

Civil and Metallorglcal Bngineer. 

" A haudaome volume of iOOjpagea which will b« a valaable book of reference for all 
aaaoclated with the proeeM."— Jvintn^r JoumaL 

' ' The anthore are to be oongratulated upon the production of what should prove to be 
a standard work.**— Pag^fi Magaxine, 



hi Large Crown Svo, WUh 13 PkUes and many lUiutratkmn in the Text. 

Handsome Cloih'. 7«. Qd. net. 

THE GTAMIDE PROCESS OF GOLD filTRAGTIOM. 

A Text-Book for the Use of MetcUlurgiata and Students at 

Sohoola of Mines, do. 

By JAMES PARK, F.G.S., M.Inst.M.M., 

Profeiior of Minine and Director of the Otago University School of Mines ; late Director 

Thames School of Mines, and Geological Surveyor and Mining Geologist 

to the Government of New Zealand. 

Pou&TH English Edition. Thoroaghly Revised and Qreatly Enlarged. 
With additional details conoeming the Siemens-Hslske and other 
reoent processes. 
" Deserves to be ranked as amongst the bbstof ■XiBnNOTBBAn8a9."—i/<mfv JcumaL 



Third Edition, Revised. With Plates a9td Illustrations, Cloth, Ss. 6d. 

GETTING GOLD: 

A OOLD-MININO HANDBOOK FOR PRACTICAL MKN. 

By J. 0. F. JOHNSON, F.G.8., A,I.M.E., 

Life Member Aastraiaaian Mine-Managers' Association. 

GxMBKAL C0NTXNT&— Introductory : Prospecting (AUnvial and General)— 
Lode or Reef Prospecting— Genesiology of Grold— Auriferons Lodes — Drifts— 
GbldKxtraotion — Lixiviation — Calcination— Motor Power and its Tnnsmissiou 
- Company Formation — Mitimg Appliances and Methods — Anstralasiaii 
Mining Regnlations. 

" Practical from beginning to end . . . deals thoroushly with the Prospeotli>ft 
SlnUngf Crushing, and Rztraouon of gold."— Brit. AustrmUman. 



In Oroum $vo, lUustreUed. Fanqf Cloth Boaards. 4^ dd. 

QOLD SEEKING IN SOUTH AFRICA; 

A Handbook of Hints for intending Explorers, Prospeetoni. 

and Settlers. 

By THBO KASSNER, 

Min« Manager. Antbor of the Geological Sketch Map of the De Kaap Gold Flelda. 

With a Chapttr on the Agricultural Proapecte of South Africa. 
** As fascinating as anything eter penned by Jules Verne.*'— 4>Weaw Oommiret. 
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6o CHARLES ORIFFIN d» CO.'S PUBLI0ATI0N8. 

L&rge 8vo. Handsoine Cloth. With lUostrationa. 

128. 6d. net. 

METALLURGICAL ANALYSIS i ASSAYING : 

A THRBH YHARS* COURSB 

FOR STUDENTS OF SCHOOLS OF MINES. 

By W. a. MACLEOD, B.A., B.Sa, A.O.S.M. (N.Z.), 

FtwmerlTAMtot.- Director. Ttumea School of Mines (N.Z.), and Lecturer in ChemUtrj, Unirersity 
of TMoianU ; Director of Qaeenaland Ooremment School of Mines, Oluirters Towera : 

And CHAS. WALKER, F.C.S., 

lonstrator in Chemistry, Sydney nniversltr : ] 
and MetallarnTt Charters Towers School of Mines 

Part I. —QnalitAtive Analysis and Preparation and Properties of Gases. 
BkiSSV U. —Qualitative and Quantitative Analysis. Part III. — Assaying, 
Technical Analysis (Gas, Water, Fuels, Oils, &c. ). 

"The publication of this volume tends to prove that the teaching of metallurgical 
analysis and assaying In Australia rests In competent hands."— ^a^r«. 



F<ninerly Asslst-Demonstrator in Chemistry, Sydney University : Lecturer in Chemistry 

-• " ~ ■ of Mi 



In Crown 8vo, Beautifully Illustrated with nearly 100 
Microphotographs of Steel, &c. 78. 6d. net. 

MIGROSGOPIG ANALYSIS OF METALS. 

By FLORIS OSMOND k J. E. STEAD. F.R.S., F.LC. 

CoNTBNTB. — Metallography considered as a method of Assay. — Micro- 
graphic Analysis of Carbon Steels. — Preparation of Specimens. — Polishing. 
— Constituents of Steel ; Ferrite ; Cementite ; Pearlite ; Sorbite ; Martensite : 
Hardenite; Troostite ; Austenite. — Identification of Constituents-— Detailed 
Examination of Carbon Steels. — Conclusions, Theoretical and Practical — 
Apparatus employed.— Appendix. 

" There has been no work previously publistied in English calculated to be so useful to 
the student In metallographic research. *'—/ron and &Uel Tradu^ Journal. 



In Crown 8vo. Handsome cloth. With 102 Illustrations. 6s. net. 

A HANDBOOK ON 

Their Structure and Constitution. 
By gilbert H. GULLIVER, B.Sc, F.KS.E. 

Contents.— Methods of Investigation.— Solution Theory, and tne Chemical Equili- 
brium of Mixed Substances.- Binary Alloys in which no Definite Chemical Compounds 
are Formed.— Binary Alloys which Show Evidence of the Formation of Definite Chemical 
Compounds.— Equilibrium Conditions in Metallic Mixturea— The Bronzes, Brasses and 
the Steels.— Alloys of more than two Metals.— Bibllography.—lNDEX. 

" Probably the clearest and best exposition of the portion of the field with which the 
author treats which has hitherto appeared in the English language."— l?7i^n«tfr. 

Chi KD Edition. With Folding Plates and Many lUustrationa. 368. 



A PRACTICAL TREATISE ON THE ART OF EXTRACTING METALS 

FROM THEIR ORES. 
By J. ARTHUR PHILLIPS, M.Inst.G.E., F.C.S., F.G.S., Ao. 
And H. BAUERMAN, V.P.G.S. 
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METALLURGICAL WORKS. 6i 

Bboomd Edition, Revised , Enlarged, and Re-Mt Through&ut on Larger Page, 
WUh ValuaiUe Bibliograpky, New Maps, Illustratums, doc, 4fi«. net, 

A TREATiSE ON 

ZPETI^OXjETJHNwd:. 

By sir BOVERTON REDWOOD, 

D.Sa. F.lLS.E., A80OO.In8T.O.£ . F.1.0. 

COMTBNTS.— SionoN I. : Historical Account of the Petroleam InduitiT.— Seotiom II. : 
Geological and Geographical DLitrlbution of Petroleum and Natural Gaa.— SionoN III.: 
The Chemical and FhjrBical Properties of Petroleum and Natural Gas.-- fllonoH lY.: 
The Origin of Petroleum and Natural Gas.— SiOTiON V.: The Production of Petroleum, 
Natural Gas, and Osokerite.— Section VI.: The Refining of Petroleum.— SionoH VIL: 
The Shale Oil and Allied Industries.— SlonoN vm. : llie Transport, Storage, and Dis- 
tribution of Petroleum.— SsoTiON IX. : The Testing of Crude Petroleum, Petroleum and 
Shale Oil Products, Oxokerite, and Asphalt.— Sbction X. : The Uses of Petroleum and 
Its Products.— SBonoN XI. : Statutory. Municipal, and other Begnlations relating to 
the Testing, Storage, Transport, and Use of Petroleum and its Products.— Appbmdiobb. 
—BmjoaRAPHT.— Index. 

*'It li Indlipatsbly the most oomprehenslve and complete treatise on petroleum, and this 
statement is true, no matter on what branch of the industry a test of its merits is made. It li 
the only book in ezistenoe which gires the oil man a clear and reliable outline of the srowth and 
prewnt^y eondiUnn of the entire petroleam world. . . . Thers is a wonderftilly complete 
collection of plates and iUuBtratlons.'*— PtfroI«iim ITorM. 



Second Edition, Revised, WUh lUtnUrations, Price 8«. 6(2. net. 

A HANDBOOK ON PETROLEUM. 

FOR INSPECTORS UNDER THE PETROLEUM ACTS, 

And foi* those encagred In the Storace, Transport, Distribution, and Industrial 

Use of Petroleum and its Proaucts, and of Calcium Carbide. With 

suggestions on the Construction and Use Of Mineral Oil Lamps. 

By captain J. H. THOMSON, 

H.M. Ohier iDspeetor of SxploalTes. 

And sir BOVERTON REDWOOD, 

Author of **A Treatise on Petroleum." 
** A Tolnme that will enrich the world's petroleum literatore, and render a aervlce to the 
British branch of the Indobtry. . . . Keiiable, indispensable, a brilliant oontrlbntion."— 
FttntUum. 

In Crown 8to. Fully Illnstrated. 2s. 6d. net. 

THE LABORATORY BOOK OF MINERAL OIL TESTING. 

By J. A. HICKS, 
Chemist to Sir Boverton Redwood 
Should b« on the shelves of erery analytical chemist In practice."— CA«m<oal Trade Journal. 

Iq Large Grown 8vo, Cloth. Fully Illustrated Ss. net. 

O I X^ F XJ E JLii 

ITS STTPPLY, OOMPOSmON, AND APPLICATION. 

By SIDNEY H. NORTH, 

LATl EDITOR OP THE "PETBOLEUJI REVIEW." 

Contents.— The Sources of Supply.-^Eoonomlc Aspect of liquid FueL— Chemical 
Composition of Fuel Oils.— Conditiohs of Combustion in Oil Fuel Furnaces.— Early 
Methods and Experiments.— Modem Burners and Methods.— Oil Fuel for Marine Pur- 
poses. —For Naral Purposes.— On LooomotiTes.— For Metallnigical and other Purposes. 
—Appendices. -Index. 

'^ETeryone interested in this important question will welcome Mr. North's excellent 
text-book. "—i^aturs. 

THB PETROLEUM LAMP: Its Choice and Use. A Guide 

to the Safe Employment of the Paraffin Lamp. By Capt. J. H. 
Thomson and Sir Bovsrton Redwood, niustrated. Is. net. 

" A work which will meet every purpose for which it has been written."- PafrolMiin. 
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STANDARD WORKS OF REFERENCE 

FOR 

MetalluFglsts, Mine-Ownen, Assayera, Manofaetaren, 

and all interested in the development of 

the MetalloFgieal Industries. 

EDITED BT 

Sir W. ROBERTS-AUSTEN, K.C.B., D.C.L., F.R.S. 

/m LMTgt 8fv, HmKdtmm Cloth. With lUuitrmUmu, 



INTBOBUOTION to the STUDY of METAIiLnBaT. 

By the Editor. Sixth Edition. (See p. 63.) 

GOIiD (The Metallargy of). By Thos. Kirks Ro&k, 

D.Sc, Assoc. R.S.M., F.C.S., Chemist and Assayer of the Royal 
Mint. Fifth Edition. 21s. (Seep. 63.) 

IiBAB (The MetaUurgy of). By H. F. Collins, Assoc. 
R.S.M., M.Inst.M.M. Second Edition. (See p. 64.) 

8ILVSB (The MetaUtipgy of). By H. F. Collins, A.R.S.M., 
M.Inst.M.M. Second Edition. (See p. 64.) 

IRON (The MetaUurgy of). By T. Turner, A.R.S.M., 
F.LC, F.CS. Third Edition, Revised. 168. net. (See p. 65.) 

STEEL (The Metallurgy of).- By F. W. Harbori . 
Assoc. R.S.M., F.LC, with a Section on Mechanical Treatment by 
J. W. Hall, A.M.Inst.C.E. Third Edition. 25s. net. (See 
p. 65.) 

▲liliOTS AlV^B THEIR INDUSTRIAL USES. By Edward 
F. Law, Assoc.R.S.M. Profusely Illustrated, Just 
Published, 12s. 6d. net. (See p. 64). 

ANTIMONY (Chemistry, Mineralogy, Geology, Metal- 
lurgy, &c.). By C. Y. Wang, M.A., B.Sc. Just 
Published. 12s. 6d. net. (Seep. 65). 



WiU ht PvbUshul at Short IntttvaU. 

MBTALLUBQICAL MACHINERY : the AppUcation of 
Engineering to Metallurgical Problems. By Henry Charles Jenkins, 
Wh.Sc., AssocR.S.M. 

COPPER (The Metallurgy of). By Thos. C. Cloud, Assoc. 
R.S.M. 

*«* Other Volumes in Preparation. 
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GBIFFIN'S METAIiIiUBaiOAL 8EBIE8. 



Sixth Edition, thoroughly Revised and considerablv Enlarged. Large 

8vo, with numerous Illustrations and Micro-Photographic 

Plates of different varieties of Steel. 

An Introduction to the Study of 

BY 

Sir W. ROBERTS-AUSTEN, K.C.B., D.C.L., F.R.S., A.R.S.M., 

Late Chemiit and Aiaayer of tte Royal Mint , and Profenor of MeCallnfgy 

in the Royal CMlage of Sdenoe. 

Revised throughout by F. W. HARBORD, A.R.S.M., F.LC. 

OMMBitAL C0MTBMT8. — The Relation of Metalluny to Chemistry. — ^Physical Propertiok 
of Metals.— AIloi^ The Thennal Treatment of Metals.— Fuel and Thermal Measurements. 
—Materials and Fktiducts of Metallurgical Processes. — Furnaces. — Means of Supplying Ait 
to Fuznaoes.— Thermo- Chemistry. — ^l^ical Metallurgical Processes.— The Micro-Structure 
of Metals and Alloys. — Economic Consiaerations. 

" No English text-book at all approaches this in the ooMPLSTKNESb with 
vhicb the most modem views on the subject are dealt with. Professor Austen'i 
volume will be invaluablb» not only to the studodt, but also to those whose 
knowledge of the art is £ur advanced."— ClMsf^o/ News, 



Fifth Edition, Revised, Conaiderably Enlarged, and in part Re- written. 
With Frontispieoe and nnmerona Illuttrationa. 218. 

THE METALLURGY OF GOLD. 

BT 

T. EIBKE ROSE, D.ScLond., Assoo.R.S.M.. 

ChemiH and Anaytr qf the Royal Mint 

OiHBRAL COHTBHTB.— The Properties of Oold and iU Alloys.— Chemlstiy of the 
Compoonds of Gold.— Mode of Ocoomnoe and Dlstrlbutkm of Gold.— Shallow Placer 
Deposits.— Deep Placer Deposits.— Quarts Cnuhinc in the Stamp Battery.— Amalipun- 
atlon in the Stamp Battery.— Other Forms of Crashing sad Amalgamating Machinery. 
— CoDoentration in Gold Mills.- Drv Crushing.— Be-grinding.— Boasting.— Chlorinatlop ! 
The Plattner Process, The Barrel Procem, The Vat-Solution Process.- The Cyanide 
Prooeas.— Chemistry of the Cyanide Process.— Beflning and Parting of Gold Bullion. 
—Assay of Oold Ores.— Assay of Gold Bullion.— Statistics of Gold Production.— Blbllo- 
'raphy.— IMDXX. 

" A ooKf BSHMSivs nacTiOAL TasaTisa on this important sabjeet**— 1%« IVmci. 

"The HOST oompurb desortptloa of the CBX4imivAnos nocns which has yet been pab- 
llshed.**— JAn^ /ennial. 

** Adi^ted for aU who are Inlsrested In the Gold Mining Indwtry, being free from tecn- 
alcalltlss as far as po s sib l e, bot Is mors particalarly of valoe to these ea^iged In the 
ladastry.*'— Oqpc Timu. 
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GBIFFIir'S MBTAIiLnBaiOAL 8EBIB8. 

BDiTm> BY SIR W. ROBERTS-AUSTEN, K.O.R, F.R.S., DC.L 
In Large 8vo, Handaome Cloth. WUh lUustroHotu, 

Sboond Edition, Revised Throaghont and Enlarged. Illustrated. 

THE METALLURGY OF LEAD. 

By H. F. COLLINS, A88oaR.S.M., M.Ih8T.M.M. 

A Complete and Exhaustive Treatise on the MLanufMture of Lead, 
with Sections on Smeltine and Desilverisation, and Chapters on the 
Assay and Analysis of the Materials involved. 



"A THOROUOHLT Bouin) and useful digest. May with bvirt oovrxDuroB be 
recommended."— Jfinin^ Jmtmal. 



Second Edition, Revised Throughout and Enlarged. Illustrated. 

THE METALLURGY OF SILVER. 

Comprising Details regarding the Sources and Treatment of Sliver 
Ores, together with Descriptions of Plant, Machinery, and Processes of 
Manufacture, Refining of Bullion, Cost of Working, &c. 

" The author has focussed a labob amount of valuablr informatiok into a 
ooDTeDlent foim. . . . The author has evidently considerable practical experience, 
and describes the various processes clearly and weW."— Mining Journal. 



Just Published. With Frontispiece in Colours, and Beautiful Series 

of Photo-micrographs. 128. 6d. net. 

.A- L Xj O "Z" S 

AND THEIR INDUSTRIAL APPLICATIONS. 
By EDWARD F. LAW, A.R.S.M. 

Contents. — Introduction. — Properties of Alloys. — Methods of Investigatiou. — 
Coustittttion.— Influence of Temperature on Properties. — Corrosion of Alloys. — Copper 
Alloys, Brass, Bronzes.— Special Brasses and Bronzes.— German Silver and Miscellaneous 
Copper Alloys.— White Metal Alloys.— Anti- Friction Alloys.— Aluminium Alloys.— 
Silver and Gold Alloys.— Iron Alloys.— Miscellaneous Alloys (Amalgams, d:c.).— Indkx. 
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QBIFFIN'S MBTAIiIiXTBGIOAL 8BBIB8. 



Tbibd Edition, Reviaed. With Numerotis Illustrations. Large 8vo. 

Handsome Cloth. 258. net. 

Wtth Additional Chapter on The Eleotrio Smelting of Steel. 

THE METALLDRGY OF STEEL. 

By F. W. HARBORD, Assoc.RS.M., F.LC. 

With 37 Plates, 280 lUastrations in the Text, and nearly 100 Micro- 
Sections of Steel, and a Section on 

THB MBCHANICAL TRBATMSNT OF STBBL, 

By J. W. HALL, A.M.Inst.C.E. 

iLMMXDQMD Odmiiis.— The Plant, MMhlnerr, Methods and Ohemiatry of the Beeeemer 
and of the Open Hearth Prooeasee (Add and Baelo).— The Meohanloal Treatment of Steel 
eomprising Mill Practloe, Plant and Machinery.— The Infloenoe of Metalloida, Meat 
Treatment. Special Steels, Miorostmctare. Testing, and Spedflcatlons. 

The Bi^neer wys, at the oonelnalon of a rerlew of this book :— " We cannot oonolnde without 
earaestlr recommending all who maj be interested as makers or nsen of steelT which pracUcalljr 
means the whole of the engineering profeuion, to make themselves acquainted with it ss speedily 
as possible, and this may be the more easily done as the published price, considering ths slse 
or the book, is extremely moderate." 



Third Edition, 'Revised and Enlarged. With many new Plates. 

16s. net. 

THE 1ETALLUR6T OF IRON. 

By THOMAS TURNEB, Assoc.RS.M.. F.I.C., 

Frofeaor of Metallurgy in the UnivertUy of Birmingham. 

OMsrai CtonMaM.— Early History of Iron.— Modem History of Iron.— The Age of Steel. 
— Ohlef Iron Ores.— Preparation of Iron Ores. —The Blast Furnace.— The AJr used in the 
Blast Fnniace^ — Beaotions of the Blast Furnace.— The Qaseoas Products of the Blast 
Furnace —The Fuel need in the Blast Furnace. - Slags and Fuzes of Iron Smelting.— 
Propertlei of Oast Iron. — Foundry Practice. — Wrought Iron. — Indirect Production of 
Wrought Iron.— The Puddlin< Process.— Further Treatment ot Wrought Iron. -Corrosion 
of Iron and Steel. 

"A TROBOUOHLT usBFUL BOOK, whlch briogs the subject up to datc. Of 
«mBAT TALUS to those engaged in the iron indnstry.**— if inm^ Journal. 



* * 



For Professor Turner's Lectures on Iron- Founding, see pa^e 68 



Just Published. In Large 8vo. Handsome Cloth. Fully Illustrated. 

128. 6d. net. 

Its History, Chemistry, Mineralogy, Geology, Metallurgy, Uses and 
Preparation. Analysis, Production and Valuation. 

By C. Y. WANG, M.A., B.Sc., 

Mem Am. Inst. Mining Eiig. ; Mem. Iron and Steel Institute ; Mining Engineer to 

the Chung lx>u General Mining Company; Geologist for the 

Hnnan Province, China, ^c, Ac. 
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« 
Tf.nth Edition. VTtth Tables and Illustrations. Cloth, los. 6d. 

A TEXT-BOOK OF ASSAYING: 

For the uwe of StudentB, Mine Mcuiagero, Asoayero, dc 
By J. J. BERINGER, F.I.C., F.C.S., 

Public Analyic for, and Lecturer to the Mining AMOCiatiop of, Conwall. 

And C. BERINGER, F.C.S., 

Late CUef Aasayer to the Rio Tinto Copper Cooipeay, London, 

GsMsaAL CoMTBNTS. — PxitT I. — Introouctosy ; MANinrLATiON : Sampliiic : 
DryuBg ; Celnihrion of Results— Lsiboratory'bodcs and Reports. Mkthods : Dry Gra^i- 
■Mtnc; Wet Gn^rimetric— Vdumetric Asays: Tltrometnc, Colorinetric, '" ^'' 



Weighing and MeasuEin|r--Reagents— Ponmilae, Equations, ftc— Specific Gravity. 

Pakt II.— Mbtals : l>etectaon and Assay of Silver, Gold, Platinum, Mercury. Copper, 
Lead, Tludfiuni, Bisnm^ Antinumv, Iron, Nickel, Cobalt, Zinc, Cadmium, Tin, Tungsten, 
ntanium, Manganese, Quomium, «a— Earths, A^ealies. 

Pakt III.— Nom-Mbtals : Oxygen and Oxides ; The Halogens Sulphur and Sul- 
phates—Arsenic, Phosphorus, Nitrogen— Silicon, Carbon, Boron— X^eAtl Tables. 

" A MMALLY MKBiTORXOUS WORK, that may be saS^ depended upon either for sysiemacic 
instruction or for reference."— iV«/wry. 

"This woric is one of the bbst of its kind. "— JgaifW MW . 



In Crown 8vo. Handsome Cloth. Fully Illustrated. Ss. net. 

AN INTRODUCTION TO 

PRACTICAL METALLURGY. 

By prop. THOMAS TURNER, A.RS.M., F.I.C., 

Professor of Metallurgy In the University of Birmingham. 

Contents.— Introduction.— Sampllug and Weighing.- Metals and Alloys.— Oxidation 
and Keduction.— Bxamination of Fire Clay.— Slags and Fluxes.- Bzaminalion of Fuel.— 
Iron (h-es.— Determination of Muffle Temperatures.— Silver and Silver Assay.- Assay of 
Silver Bullion.— Assay of Silver Ores.— Gold Assay.— Assay of Gold Ores.— Properties 
•f Mercury. — Micro-Structure of Metals.— Iron and Steel. —Electro-Depoei lion. — 
Appendix.— INDBX. 

"It is an excellent and handy book for its purpose, and will have a far wider range 
•f usefulness than for class work alone."— ProcttMU B^igineer. 



Fourth Edition, Revised. With Nnmeroue lUustrtUionB, 68. 
A TEXT-BOOK OF 

ELEMENTARY METALLURGY. 

Inolnding the Author's Pbaotioal Laboratory Coubsr. 
By a. HUMBOLDT SEXTON, F.I.C., P.O.S., 

Profetflor of Metallnrgj in the Glasgow and West of Scotland Teohnical GoUege. 

Genbral CoNTSNTSL-Introdactlon.— Properties of the Metals.— Combustion.— Fuels. 
—Refractory Materials.— Furnaces.— Occurrence of the Metals In Nature.— Preparation 
of the Ore for the Smelter.— Metallurgical Proces8es.—Iron.— Steel.— Copper.— Lead. — 
7inc and Tin.— Silver.— Gold. — Mercury.— Alloys.- Applications of £lectrioitt to 
Metallurgy. —Laboratory Course. 

" Just the kind of work for Students coaunsciKG the study of Metallurgy, or for ENOiiriKRiiro 
Students."— PracMcoJ Engf»eer. 

LONDON: CHARLES GRIFFIN A CO., LIMITED, EXETER STREET. STRAND. 
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In Large 8yo. Ebndaome Cloth. Prioe 4b. . 

QUAMTITATIYE IETALLDR6ICAL ANALYSIS. 

TABLES FOR LABORATORY USE. 

ON THE PRINCIPLE OF "GROUP" SEPARATIONS. 

By J. JAMES MORGAN, F.O.S., M.S.O.I. 

"llie Anthor may be oonoBATCiaTKD on the way hi* work has been oarried o«t*'« 
ff9k« Bngimter. 



Third Edition, Reyiaed, Enlarged, and Re-written. 
A TRBATISB ON 

ELECTRO -METALLURGY: 

^ the Application of Bleotroljrais to the Plating, Depositing, 
Smelting, and Refining of yarionc Metals, and to the Repro- 
dnotion of Printing Surfitoes and Art- Work, fto. 

BT 

WALTER G. MCMILLAN, P.LC, P.C.S., 

LaU Ltcturer in MetaUurgif ot Mtuon CMege, Birminffkam. 

Thoroughly Revised by W. R. COOPER. 

** Excellent, . . . one of the BKST and most complbts manoala hitherto published 
on Electro-Metallurgy."— ^Jectrteo^ Review (on the Second Edition). 



8100ND Edition, Thoroughly Revised and Enlarged. .In large 8vo. 
With Numerous Illustrations and Three Folding- Plates. 218. net, 

ELEGTEIG SIKELTIM & MEniM', 

A Practical Manual of the Extraction and Treatment 
of Metals by Electrical Methods. 

Being the *' Elbktbo-Mbtallusou " of Db. W. BORCHERS. 

Trannlated from the Latest German Edition by WALTER G. M'MILLAN, 

F.I.C.. F.O.S. 

CONTXNTS. 

Pabt I. — Alkalies and Alkaunb Eabth Mktals: Magnesium, 
Lithium, Beryllium, Sodium, Potassium, Calcium, Strontium, Barium, 
the Carbides of the Alkaline Earth Metals. 

Pabt II.— Thk Eabth Mbtals: Aluminium, Cerium, Lanthanum, 
Didymium. 

Pabt IIL — Thb Hbavt Mbtals : Copj^, Silver, Gold, Zinc and Cad- 
mium, Mercury, Tin, Lead, Bismuth, Antimony, Chromium, Molybdenum, 
Tungsten, Uranium, Manganese, Iron, Nickel, Cobalt, and the Platinum 
Group. 

*' CoMFBBHBHSivB and AiTTHOBiTATrni . . . not only FULL of valuablb niroB- 
MATioir, but glTes eridenoe of a thorouoh ikbight into the technical valub and 
PoesiBiLlTns of all the methodB diaouased."— TA« Bleetrician, 

" Dr. B0BOHBB8' wsll-kkown work . . . moat or nsobbsitt bb aoquirbd by 
STery one interested in the inbject. Ezobllbntlt put into Engliah with additional 
matter by Mr. U*lAiLL£a."— Nature. 

" Will be of ORBAT SBBVIOK to the practical man and the Student."— ^letferio SmsUitig. 
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In Medium 8vo, Handwmt Cloth. Fully lUuUraud. 15s, net. 

GENERAL FOUNDRY PRACTICE: 

A Practical Handbook for fron, Steel and Brass Founders^ 
HetaUurgiata, and Students of Metallurgy, 

By A. M°WILLIAM, A.R.S.M., akd PERCY LONOMUTR. 

CONTIMTS.— IntrodaoUon.— Oenenl PropertiM of Matter.— Uoulding Sandt.— Facing 
SaudB and facings. — Foundry Tools. — Moulding Boxes. — Handling Material in the 
Foundry. — Open Sand Moulding.— Cores.— Elementary Aspects of Moulding.— Oreen 
Sand Moulding.— Seourine Cores in Moulds.— Moulding from Guides.— Bench, Oddside, 
and Plate Moulding.— Machine Moulding.— Dry Sand Moulding —Loam Moulding.— 
Chill Casting.— Casting on other Metals.— Burning.— Weighting and Binding Materials. 
—Shrinkage. Contraction, and Warping.— Dressing Castings.— Common Faults due to 
Mould and Fattem.— Malleable or wrought Iron, Steel and Malleable Cast Iron.— Cast 
Iron.— Refractory Materials.— Fuels and Fumaoes.—Mixingby Analysis.- Uemelting.— 
Working the Cupola.— Further Treatment of Cast Iron.— High Temperature Measure- 
ment — Steel. — Notes on Metals other than Iron.— Alloys.— Mecnanical Testing.— 
Micrographic Analysis.— Common Faults.— Foundry Management.— IMDSX. 

" The student of foundry work . . . needs no other text-book. . . . The book 
contains a tremendous amount of information, and is well written."— Bngineering Times. 



hJxtra Crown Svo, With 48 lUuatrationH. Zs, 6c2. net, 

LECTURES ON IRON-FOUNDING. 

By THOMAS TUR^TER, .M.So., A.R.S.M., F.I.C., 

Professor of Metallurgy in the University of Birmins^n<. 

Contents.— Varieties of Iron and Steel.— Application of Cast Iron.— History.- Pro- 
duction.— Iron Ores.— Composition.— The Blast Furnace.— Materials. — Aeactions.— 
Grading Pig Iron. — Carbon, Silicon, Sulphur, Phosphorus, Manganese. Aluminium, 
Arsenic, Copper, and Titanium.— The Foundry.— General Arrangement.- Be-melting 
Cast Iron. — The Cupola. — Fuel Used. — Changes due to Re-melting. — Moulds and 
Moulding.— Foundry Ladles.- Pouring and Pouring Temperature.— Common Troubles.— 
Influence of Shape and Slse on Strength of Castings.- Tests. 

" Ironfounders will find much Information in the book."— /ron Trade Circular 
Rytand't). 

In Larue 4<o, Librarif Style. Beautifully lUuMrated with £0 Plafte^ many 
in Ct4ourSy and 94 Figures in the /'ext. £2, 28. net, 

PRSCIOXJS STOM^ES: 

ThelF Ppopeptles, Ooouppenoes, and Uses. 

A Treatise for Dealers, Manufaoturers, Jewellers^ and for all 
Collectors and others interested In Gems. 

By De. max BAUER, op the Univkrsity of Marburg. 

Translated by L. J. SPENCER, M.A. (Cantab.), P.G.8. 

" llie plates are remarkable for their beauty, delicacy, and truthfulness. A glance at 
them alone 1^ a lesson on precious stones, whilst the perusal of the work itself should 
add a new Interest to any casket of Jewels or cabinet of gems, or even to a Jewellers' 
window. "—^ tA^meum. 



In Large Crown Svo, With Numerous lUustreitions, 8s. 6d, 

THE ART OF THE GOLDSMITH AND JEWELLER. 

A Manual on the Manipulation of Gtold and the 
Manufacture of Personal Ornaments. 

By THOS. B. WIGLEY, 

Headmaster of the Jewellers and Silversmiths' Assoc. Tech. School, Birmingham. 

Assisted by J. H. STANSBIE, B.Sc. (Lond.), F.I.O., 

Lecturer at the Birmingham Municipal Technical School. 
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Inorganic Chemistry, Profs. Dupre and Hakx, 

Analysis, Prop. Humboldt Sbxton, 

Chemical Engineering dr. J. Orossmann, . 

Chemistry, Blount and Bloxah, 

Poods and Poisons, A. Wtnter Bltth, . 

Tables for Chemists, Prop. Castkll-Evans, 

Dairy Chemistry, frc., . H. D. Eichmond, 

MUk, E. F. Willouohbt, . 

Agricultural Chemistry, . . . . H. Inolb, . 

Flesh Foods 0. A. Mitchell, 

Practical Sanitation Dr. o. Beid, 

Sanitary Engineering, . F. Wood, . 

Sewage Treatment, Dunbar and Calvbrt, 

Lessons on Sanitation J. w. Harrison, 

Technical Mycology Lapar and Saltbr, 

Soil Bacteria, J. Clark, . 

Ferments ; and Toxines, . . c. oppenheixer, 

Brewing, Dr. w. j. Stkrs, 

Trades' Waste w. Naylor, 

Smoke Abatement, Wx. Nicholson, 

Cements, o. &. bbdorave, 

Handbook for Cement Works* Chemists, F. B. Gatehouse, 

Clayworkers' Handbook, .... 



Peat, BjdRLiNQ and Oissinq, 

Commercial Peat, F. T. Gissino, . 

Water Supply, R. E. Middlbton, . 

Road Making, Thos. Aitken, . 

Gas Manufacture, w. Atkinson Buttbrpibld, 

Acetylene, Leeds and Buttsrpield, 

Fire and Explosion Risks, .... Dr. Schwartz, . 

Petroleum, sir Boverton Redwood, 

(Handbook), Thomson and Redwood, 

Ink Manuf^ture, Mitchell and Hepworth, 

Paper Technology, R. w. Simdall, . 

Glue, Gelatine, &c., Thos. Lambert, 

Leather Trades Chemistry* . S. R. Trotman, . 

Oils, Soaps, Candles, Wright and Mitchell, 

Lubrication and Lubricants, . . Akchbutt and Deelet, 

India Rubber, Dr. Carl O. Weber, 

Rubber Goods Manufacture, . . Heil and Ksoh, 

Enamelling on Iron and Steel, . J. GKt'NWALD, . 

Colour Manufacture, Zbrr, Rubencanp, Mayer, 

Painters' Colours, Oils, &e., . G. H. Hurst, . 

Painters' Laboratory Guide, ... „ „ 

Painting and Decorating, . . w. J. Pearce, . 

Manual of Dyeing, Knecht and Rawson, 

Dictionary of Dyes, Rawson and Gardner, 

The Synthetic DyestufTs, .... Cain and Thorpe, . 

Spinning, H. R. Carter, . 

Cotton Weavers' Handbook, . . H. B. Heylin, . 

Textile Printing, Seymour Roth well. 

Textile Fibres of Commerce, . . w. l Hannan, . 

Dyeing and Cleaning, F. J. Farrell, . 

Bleaching, Callco-Prlnting, . Geo. duerr, 
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Third Edition, Revised, Enlarged, and Re-issaed. Price 60. net. 

A SHORT MANUAL OF 

INORGANIC CHEMISTRY. 

By a. DUPRE, Ph.D., F.R.S., 
And WILSON HAKE, Ph D., F.I.O., F.C.S., 

Of the WMtminator H<»piul MadioJ ScImmI 

"Am wxamum or thb adtantagbs or thb SvmMATic TKKATioanr of a Scknoe 
ov«r Um fkagmontary ctyle 10 gvnenUy fdlowiNl. By a lomo wat nm bbst of the nudl 
MaauaU for Stadants."— ^iM^r«'. 



In Handsome Cloth. With nearly 60 nioatrationa. 3b. 6d. nee. 

THE ELEMENTS OF CHEMICAL ENCIHEERIHa 

By J. GROSSMANN, M.A., Ph.D., F.LC. 

WITH A PBETAOI BT 

Sib WILLIAM RAMSAY, K.C.B., F.R.S. 

CONTlHTs.— The Beaker and iU Technical Sqalvaleota.— Diatillliur Flaaks, Uebif'a 
Ck>Dd6nMn.— Vractionating Tubes and their Technical SqulTalents.— The Air-Bath and 
ito Technioal Bqalvalente.— The Blowpipe and Crucible and their Technical Bqnlyalenta. 
—The Steam Boiler and other Sources of Power.-- General Bemarks on the AppUcmtlon 
of Heat in Chemical Engineering.— The Funnel and Its Technical Bqulyalents.— The 
aiortar and Its Technical Equlyalent-s.— Measuring Instruments and their Technical 
Bquiyalents.— Materials Used in Chemical Euglneering and their Mode of Applloatlou.— 
Technical Besearch and the Designing of Plant.— Conclusion.— Chemicals ana Materials. 

— IlTDlX. 

"Bxoellent. . . . Bvetj student of chemistry attending a technical course should 
obtain a cooy. —Cktmioal Aeuw. 



LABORATOBT HANDBOOKS BT A HUMBOLDT SEXTON, 

ProfeiBor of Metallargy In the Glasgow and West of Sootland Technioal Oollege. 



OUTLINES OF QUANTITATIVE ANALYSIS. 

FOR THB USB OF aTUDByrS. 

With ninstrations. Futh Edition. Crown 8vo, Cloth, Si. 

" 4 OOMPAOT LABORATOBT ouxDB for bogmuBn wsB wanted, and the want haa 
been will buffubd. ... A good and useful book.**— ixnuxt 



OUTLINES OF QUALITATIVE ANALYSIS. 

FOR THB USB OF STUDBNTS. 

With ninatrationa. Fourth Editiox, Revised. Crown 8vo, Cloth, 8b. 6d. 

The work of a thoroughlj praotioal chemiBt"— BrttttA Medical Jourral. 
Compiled with great care, and wiU supply a want**— Joumo/ of Education. 
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ELEMENTARY METALLURGY: 

Inolnding the Author's Practical Laboratory CoorBe. 



[See p. 66. 
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OHEMISTRY AND TMCUNOLOQY. 71 

In Two Vola., Large 8vo. With IllaatrationB. Sold Separately. 

CHEMISTRY FOR ENGINEERS 
AND MANUFACTURERS. 

BY 

BBRTRAM BLOUNT, F.I.C., & A. G. BLOXAM, F.I.O. 

VOLUME I.— Chemistpy of Enffineerlnff, Bulldinff, and Metallurgy.— Oeyttfrof 
Contents. —Introduction.— Chemistry of the Chief Materials of Constmction.— 
Sources of Energy.— Chemistry of Steam-raising.— Chemistry of Lnbrlcatlon and 
Lubricants.— Metallurgical Processes used in the Winning and Manufacture of 
Metab. Price 10s. 6d. 

VOLUME II.— The Chemistpy of Manufacturing Processes.- &en«raZ ConienU.— 
Sulphuric Add Manufacture. — Alkali, <tc. — Destractive IMstillation. — Artificial 
Manure.- Petroleum.— Lime and Cement— Clay and Glass. — Sugar and Starch.— 
Brewing and Distilling.— Oils, Ilesin8,and Varnishes.— Soap and candles.- Textiles 
and Bleaching.— Colouring Matters, Dyeing and Minting.— Paper and Pasteboard.— 
Pigments and Paints.— Leather, Glue, and Size.— Explosives and Matches.— Minor 
Manufactures. Second Edition, Thoroughly Revised. Illustrated. 16s. 



Second Edition. In Large 8va Handsome Cloth. With 800 pages 

and 154 Illustrations. 25s. net. 

OILS, FATS, BUTTERS, AND WAXES : 

THEIR PREPARATION AND PROPERTIES, AND MANUFACTURE THERE- 
FROM OF CANDLES, SOAPS. AND OTHER PRODUCTS. 

By C R. alder WRIGHT, D.Sc, F.R.S., 

Late Lecturer on Chemistry, St. Mary's Hospital Medical School ; Evsminer 
in "Soap** to the Gty and Guilds of London Institute. 

Thoroughly Revised, Enlarged, and in Part Rewritten 

By C. AINSWORTH MITCHELL, B.A, F.I.C., F.C.S. 

"Win be found AasoLimLV imdispbmsablb. '— rA#^Ma//«/. 
"Will rsnk as the Standamd £ngush authority on Oils and Fats for uian' 
fears to eome,'*—/fulutirus and Iron. 



In Two Volumes^ HcUf Morocco^ each compUit in itself, 

PHYSICO-CHEMICAL TABLES 

For the Use of AnaJyata, Phyaioiata, Chemical Manufaeturera and 

Scientific Chemiata, 

Volume I.— Chemical Engineering, Physical Chemistry. 248. net. 
Volume II.— Chemical Physics, Pure and Analytical Chemistry. 

[SharUy. 

By JOHN CASTELL-EVANS, F.I.C, F.C.S., 

Lecturer on Inorganic Chemistry and Metallurgy at the Finsbury Technical CoUcige. 

The Work comprehends as for as possible all bulbs and tablbs reaabed by the 
Analyst, Brewer, Distiller, Add- and Alkali-Manufocturer, &c.. &c. ; and also the prin- 
cipal data in THBBMO-CHBMisTBr, Elbctbo-Chbmistbv, and the Tarious branch«i of 
Chbmical Physics. Every possible care hss been taken to ensure perfect accuracy, and 
to include the results of the most recent investigations. 
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Sixth Edition, Thoroaghly Beviaed. Folly lUnstraited. 

FOODS : THEIR COMPOSITION AND ANALYSIS. 

By a. WYNTER BLYTH, M.R.C.8., F.I.C., F.O.S., 

BArrlttar-ftt-Law, Poblle AiiAlyit for the Coontj of DeTon, and 
Medio^ Offloer of HoaJth for Sl Mftrytobone. 

Ahd M. WYNTER BLYTH, B.A., B.Sc., F.C.S. 

Obnbkal Covtbitb.— Hiitory of Adaltontion.— LecUlatlon.— Appantiia.— ''Ash/'- 
.Sagar.—Goiifactionery.— Honej.— Treacle.^ Jama and Preaenred CTOita. — Strchaa. — 
Wheaten-nonr.— Bread.— Oata.— Barley. — Bye. — Bice. — Malae. — MUlei.— Fotatoea.— 
Peaa.—LentUa.—Beaiia— Milk.— Cream.— Batter.— Oleo-Margarioe.—Chee8e.— Lard.— 
Tea.— Coffee.— Cocoa and Chocolate.— Alcohol.— Brandy.— Bom.— Whiaky.— Oin.— 
Arrack.— Llqaeiirfl.—Abainthe.—Teast. — Beer. — Wine.- Vinegar. — Lemon and Lime 
Jaice.—Miiatard.— Pepper.— Sweet and Bitter Almonds. -AnnatUx-OllTe Oil.— Water 
Analysts.— Appendix : Adulteration Acta, Ac. 

** A new edition of Mr. Wyntar Blyth'a Staadacd work, BmoBXD wim all 

DiaOOTSBIBa AMD IMPBOTEianm, 



of Mr. Wyntar Blyth'a Standacd work, BmoBSD wim aj 
iPBOTEianm, win na aooapted aa a booa**— ClbMn<M/ Nem. 



FouBTH Edition, Thoroaghly ReviBod. In Large 8vo, Cloth, with 

Tables and lUnstrationB. 21s. net. 

POISONS : THEIR EFFECTS AND DETECTION. 

By a. WYNTER BLYTH, M.R.C.S., F.I.C, F.O.S., 

Barriater-at-Law, Public Analyst for the Coon^ of DeTon, and 
Medical Offloer of Health for St. Marylebone. 

Gknbbal Contbnts.— I.— Historical Introduction. II.— Classiflcation— Statiatlca— 
Connection between Toxic Action and Chemical Compoeition— Life Tests— Oeneral 
Method of Prooednre— The Spectroacope— Examination of Blood and Blood Staina. 
UL— Poisouona Oasea. TV.— Acids and Alkaliea. V.— More or less Volatile Poisonona 
Snbstancea. VI.— Alkaloids and Poisonous Vetretable Princlplea. VIL— Poisona derived 
from Llvinff or Dead Animal Substances. VIII.— The Oxalic Acid Oroup. UC.— 
Inorganic Poisons. Appendix: Treatment, by Antidotes or otherwise, ox Cases of 
Poisoning. 

" UndooMedly tkb most oomLsra woaz on Tozioolocy In oar langoaire.''— 3^ Annlwi. 
" As a nukcnoAL eoira. we know vo Binaa work."— 9'A< Lmmeet f<mtM Thtrd MdUwm^ 



Crown 8vo, Handsome Cloth. Fully lUustnted. los. 6d. 

FLESH FOODS: 

With Methods for their Chemical, Microscopical, and Bacterio- 
logical EzaminatioiL 

A Praotioal Handbook for Medioai Men, Anaiyata, Inapeotora and othem. 
By C. AINSWORTH MITCHELL, B.A., F.LC, F.C.S. 

** A compOatieii which will be moik useftil for the class lor whom It Is lataidad.**— << 
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CHEMISTRY AND TECHNOLOGY. 73 

Second Edition. With Numerous Tables, Fully Illustrated. 

DAIRY CHEMISTRY 

FOR DAIBT MANAQEBS, CHEMISTS, AND ANALYSTS 

A Practical Handbook for Dairy Chemists and others 

having Control of Dairies. 

By H. droop RICHMOND, F.I.C., 

CHBMIST TO THE AYX.B5BURY DAIKY COMPANY. 

Contents, — I. Introductory. — The Constituents of Milk. II. The Analysis of 
Milk. III. Normal Milk : its Adulterations and Alterations, and their Detection. 
IV The Chemical Control of the Dairy. V, Biological and Sanitary Matters. 
VI. Butter. VII. Other Milk Products. VIII. The Milk ot Mammals other 
than the Cow.— Appendices.— Tables.— Index. 

" . . . In oar opinion die book is the bbst contribution on tmb 8UB|BCT that 
HAS VBT APPBARSo in the English language."— Zomc^/ (on the First Edition). 



Fully Illastrated. With Photographs of Various Breeds of Cattle, ftc. 

6s. Tiet, 

MILK: ITS PRODUCTION & USES. 

With Chapters on Daily Farming, The Diaeasea of Cattle, and on the 

Hygiene and Control of Supplies. 

By EDWARD F. WILLOUGHBY, 

3<LD. (Load.), D.P.H. (Lond. and Camb.). 

" We cordially recommend it to everyone who has anything at all to do with milk."— 
Jkiiry Worid. 

In Crown 8vo, Fully Illustrated. 2s. 6d. net. 
THE LABOBATOBY BOOB OF 

DAIRY ANALYSIS. 

By H. droop RICHMOND, F.LC, 

Analyst to the Aylesbury Dairy Co., Ltd. 

" Without doubt the best contribution to the literature of its subject that has ever beeu 
written.**— Afr</iC0/ Times. 

In Large Crown 8vo. Cloth. Fully Illustrated. 48. 6d. net. 

ELEMENTARY AGRICULTURAL GHEmSTRY. 

By HERBERT INGLE, B.Sc, F.LC, F.CS. 

CoMTENTS.— Introduction.— The Atmosphere.— The Soil.— Natural Waten.— The 
Plant.— Manures.— Crops.— The Animal. -Foods and Feeding.— The Dairy.- Mfscel- 
laneoua.— IKDBX. 

At Press. In Crown 8vo. Handsome Cloth. Illustrated. 
By JAMES CLARK, M.A., D.Sc., A.R.O.S., 

Principal of the Academy, Kilmarnock. 
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In Large 8vo. HancUome Cloth. 

AGRICULTURAL CHEMISTRY AND ANALYSIS : 

4 PRACTICAL HANDBOOK FOR THE USE OF AGRICULTURAL STUDENTS. 
By J. M. H. MUNRO, D.Sc, RLC, F.C.S., 

Proforaor of GhemiBtry, Downton CoUegs of Agrtoiiltiirft. 

[In Preparation,. 

In Large 8vo. Complete in Two Volumes. 
Each Volume Complete in Itself, and Sold Separately. 

TECHNICAL MYCOLOGY: 

The Utilisation of Micro-organisma in the Arts and manufactures^ 

By Dr. FRANZ LAFAR, 

Prof, of FennenUUoD-PhyBlolagy ftnd Bacteriology In the Technical High School, Ylenn». 

TRAMSLATKD BT CHARLES T. C. SALTER. 

Vol l-sohizomycbtic fbrhbntation. 
Vol il~bumycbtic fbrmbntation. 

NOTB.— Part I. of Vol. II. was iasued separately at 78. 6d. Copies of Part IL, 
Vol. IL, have, therefore, been bound up to enable those possessing Part I. to complete 
their copies. 

"The ilrst work of the kind whloh oan lay elalm to oomplotanesa in the treatment of 
A rasoiiiating snbject The plan is admirable, the olassifloaaou simple, the style is good, 
and the tendenoy of the whole Tolnme is to oonrey sore information to the reader.**—^ 



Crown 8vo, Handsome Cloth. With Diagrams. Ts. 6d. net. 
[Companion Volume to ''FERMENTS/' by the same Author.] 

TOXINES AND ANTITOXINES. 

By carl OPPENHEIMER, Ph.D., M.D., 

Of the Physiological Institute at Erlangen. 

Tkakslatbd from the German by 

C. AINSWORTH MITCHELL, B.A., F.I.C., F.C.S. 

With Notes, and Additions by the Author, since the publication of the Oerman Edition. 

" For wealth of detail, we have no small work on Toxlnes which equals the one- 
under review."— Jfedioa/ Ttmes 



In Crown 8vo, Handsome Cloth. Price 7s. 6d. net. 

FERMENTS : AND THEIR ACTIONS. 

A Text-book on the Chemistry and Phyaioe of Fermentative Changes, 

By carl OPPENHEIMER, Ph.D., M.D. 

Translated by C. AINSWORTH MITCHELL, B.A., P.LC, F.C.S. 

ABRIDOBD GOBTBNTB.— Introduction.— Definition.— Chemical Nature of FermenU.— 
Influence of External Factors.— Mode of Action.— Physiological Action.— Secretion. — 
Importance of Ferments to Vital Action.— Proteolytic Ferments.— Trypsin.— Bacteriolytic 
and Hnmolytic Ferments.— V^^etable Ferments.— Coagulating Ferments.— SaccharUying- 
Kerments. — Diastases. — Polysaooharidea. — Enzymes. — Ferments whloh deoompoee- 
01uooaides.-~Hydrolytic Fermenta— Laotlo Acid Fermentation.— Alcoholic Fermenta- 
lion. —Biology of Alcoholic Fermentation.— Oxydases.— Oxidising Fermentation. —Bibli- 
ography. — ^INDBZ. 

" Saoh a veritable mmltum in parvo has never yet appeared."— i}reie«r«' JowiuU. 

lONDON : CHARLES eRIFFIN A CO.. LIMITED. EXETER STREET, STRAND 






CHEMISTRY AND TMOHNOLOOT. 75 

Third Edition. In Handsome Cloth. Folly lUiuitrated. 2l8. net. 

PRINCIPLES AND PRACTICE OF BREWING. 

FOR THE USE OF STUDENTS AND PRACTICAL MEN. 

By WA.LTER J. SYKES. 
Rbvisbd by ARTHUR R. LING, P.LC., F.C.S., 

Editor of the Journal of the Institute of Brewing. 

GoMTSNTS. ~ Physical Principles Involved. — The Chemistry of Brewing.— The 
Jiicrosoope. — Vegetable Biology. — Fermentation. — Water. — Barley and Malting. — 
Arrangement of Brewery Plant.— Quantities of Materials.— Fermentation.— Antisepilca. 
-Finings.— Characteristics of Beer.— Diseases of Beer.— Indbx. 

" A thorough and comprehensive text-book . . . up-to-date . . . a standard 
text-book."— Breiiwrir' Joumai. 



In Crown 8vo. Handsome Cloth. Fully Illustrated. 6s. net. 

PEAT: Its Use and Manufacture. 

By PHILIP R. BJORLING, Consulting Hydraulio Engineer, 
And FREDERICK T. GISSING. 

GsHBBAL CoHTinTs.— Introduction.— The Formation of Peat— Area and Depth of Bogs In 
Principal Countries.— Manufactore of Peat Fuel. Ac— Cut Peat, Dredged Peat, and Manufactored 
Peat— Machinery employed in theHanafactureof Peat Fuel.— Peat Moss Litter, and the Machiserr 
employed in its Manufactnre.— Peat Charcoal and its Manufacture. —Cost of making Peat Fuel and 
Oharooal.— Other Productions derived flrom Peat, such as Tar, Manure. Candles, I^es, Paper, Ac. 

— Bl BLIOOaATHT. — IHDSX. 

" The treatment throughout is clear and interesting . . . excellent plates."— JKn^iaeeHna. 



Companion Volume to the above. In Crown 8vo. Handsome Cloth. Fully Illustrated. 

COMMERCIAL PEATs 

Its Usee and Its PoaslbUiUes. 

By F. T. GISSING, 
Joint Author with P. R. Bjurlinq of "Peat: Its Use and Manufacture." 



In Medium 8vo, Handsome Cloth. Fully Illustrated. I2s. 6d. net. 

PAPER TECHNOLOGY! 

AN ELBHBNTART MANUAL ON THE MANUFACTURE, PHYSICAL QUALITIBS, 

AND CHEUCAL CONSTITUENTS OF PAPER AND OF 

PAPERMAKING FIBRES. 

With Selected Tables for Stationers, Publishers, and Others. 

By R. W. SINDALL, F.C.S. 

Exceedingly insiructive and particularly useful." — Pa/er Makers Monthly Journal, 



In Crown 8vo. Handsome Cloth. With 30 Illustrations. 6b. net. 

THE CLAYWORKER'S HANDBOOK. 

An Epitome of the Materials and Met/ioda employed in BHcMmaking and Pottery. 

Br THB AUTHOR OF " THE CHEMISTRY OF CLAYWOBKINO," AO, 

(JBKKBAL CoRTiKTs.— Materials used in Clayworkin; : CIa][8, Engpbes, OlaseSj Colours, 
Water, Fuel, Oils, ■-■• ~ 




Weathering, 

Machinery, EJleves, 

—Setting or Charging. _ ^ .. - _ 

and Waste.— TeetB, Analysis and OontroL—BiBUOQBAPHT. —Tabus.- Indbx. 

"We can thoroughly recommend this handy little book to all our readers.' ~J9ridk and 
Pottery Trade*' Jotimal. . . 

lOHDON : CHARLES GRIFFIN A CO.. LIMITED. EXETER 8TREEL STRAND 



70 CUARLB8 QRIFFIN A 00,* 8 PUBLICATIONS. 

In Large 8vo. Cloth. With 147 Illustrations. ISs. net. 

A MANUAL OF 

THE PRINCIPLES OF SEWAGE TREATMENT. 

Bt Prof. DUNBAR, 

Director of the Institute of State Hygiene, Hamburg. 

English Edition by HARRY T. CALVERT, M.Sc, Ph.D., F.I.C, 
Chief Chemical AHiatant, Weat Riding of Yorkshire Biven Board. 

CoNTBNT8.~Growth of Blyer Pollution.— Legal Measures taken by Central and Local 
Authorities.— Bise and Development of Methmls of Sewage Treatment.— Earlier Views 
on Methods of Treatment.— Characteristics of Sewage.— Objects of Purification Works. 
—Methods for the Bemoval of Suspejided Matters.— For the Removal of Putreecibility.— 
Disinfection.— Supervision and Inspection of Works.— Utility and Cost- Ihbsx. 



BeauU/uUy IliuBtrcUed, with Numerous Plates, Dxaqrwms^ and 

Figures m the Text, Bis, net, 

TRADES' WASTE: 

ITS TBEATMENT AND UTIIiISATIOn. 
Handbook fop Bopouffh Engineers, Surveyors, Architects, and Analysts. 

By W. NAYLOR, P.O.S., A.M.Inst.C.E., 

Ohisf Inspector of Biven, BIbbie Joint Omnmlttee. 

" There is probably no person in England to-day better fitted to deal rationally with 
«uch a subject.**— ZVrttbA SanUarian. 



In Handsome Cloth. With 59 Illustrations. 6s. net. 



A Manual for the Use of Manufacturers, Inaoectors, Medical Officers of 

Health, Engineers., and Others. 

By WILLIAM NICHOLSON, 

Chief Smoke Inspector to the Sheffield Corporation. 

" We welcome such an adequate statement on an important subject.**— Sn'tiiA 
Msdieai Journal. 



Skcond Edition. In Medium 8vo. Thoroughly Revised and Re- Written. 

15s. neu 

CALCAREOUS CEMENTS: 

THEIR NATURE, PREPARATION. AND USES. 

IVltlM soukA ReBkakvlu upon Caxnen* Vasttntf. 

By gilbert R, REDGRAVE, Assoc. Inst. C.E, 

Assistant Secretary for Technology, Board of Education, South Kensington, 

And CHARLES SPACKMAN, F.C.S. 

** We can thoroughly recommend it as a first-class investment." — Pracfica/ Engineer. 



In Handsome Cloth. 5s. net. 

A HANDBOOK FOR CEMENT WORKS' CHEMISTS. 

By frank B. gatehouse, F.C.S. 

Gbnbral Contbnts. — Introduction. — Chemicals and Apparatus. — Books. — ^Analysis and 
Calculations of Raw Materials. — Analysis of Fuel, Kiln Gases, Lubricants and Water. — 
Cement Analysis.— Gypsum, Plaster, &c., Burnt Lime. — Appkndicks. — Indkx. 

"Will be of great use in Cement Vforksr—AfvAiiecf. 

"Concise . . . excellent . . . auscftiladdition to Cement Literature."- C<»«frW.tf. 

lONDOM : CHARLES GRIFFIN ft no.. LIMITED, EXETER STREET, STRAND. 



0HSMI8TRY AND TEOHNOLOOY. 'ir 

With Four Folding Platea and Numerous IlluBtrationB. Large 8to. 

88. 6d. net. 

IfirATER SUPPX^lTs 

A Praotleai Trtatise on the SeleetJon of Sources and the Dtstrlbution of Water, 
Br BEGINALD E. MIDDLETON, M.1nst.C.E., M.Inst.Msoh.E., F.S.I. 

ABBD>au> GoRTBHis.— Introductory.— Requtrementa as to Qaallty.— Seqairement* 
M to Quantity.— Storage Reservoirs.— Puriflcation.—Senioe iLeseryoiis.— ^e Flow 
of Water through Pipes. — Distributing Systems. — Pumping Machines. — Special 
fiequlrements. 

"As a companion for the student, and a constant reference for the technical man, we 
anticipate it will take an important position on the bookshelf."— Pro^ioflU Bnffineer. 



In Large Crown Svo. Fully Illustrated. In Two Yolumes. 

Volume I. Fourth Edition. Price 7s. 6d. net. 
ft II. Third Edition. Ready Shortly. 

THE CHEMISTRY OF 



A Hand-Book on the Production, Purifloation, and Testing of liluminating 
Qas, and the Assay of the Bye-Produots of Qas manufacture. 

By W. J. ATKINSON BUTTERFIELD, M.A., F.I.C, F.O.S., 

Formerly Head Chemist. Gm Works. Beckton, London. K 

** The BK8T WORK of its kind which we have ever had the pleasure of re- 
viewing.** — Journal of Oa$ Lighting, 



With Diagrams and IlluBtrationB. Ss. net. 
THX PRINaiFLES Or ITS GENSRATION AND USE. 

By F. H. LEEDS, F.I.O., F.C.S., 

Member of the Society of Public Analysts and of the Acetylene ABSodatioD; 

And W. J. ATKINSON BUTTERFIELD. M.A., F.I.C., F.C.S., 
Consnltiog Chemist, Author of ** The Chemistry of Oas Manufacture." 

** Brimful of information."— CA«m. Trade Journal, 

** We can thoroughly recommend the book to the manufacturer as a reliable work 
of reference, to the user as supplying valuable hints on apparatus |md methods d 
procedure, and to the student as a safe and certain guide."— ^oefyfene. 



Large Svo. Handsome Cloth. Price 168. net. 

FIRE AND EXPLOSION RISKS: 

A Handbook of the Detection, inoeatlgation^ and Preoentlon of Ftree and Exploalons. 

By Dr. VON SCHWARTZ. 

Translated from the Revieed German Edition 
By C. T. C. SALTER. 

ABBBIDOKD Oknbral Gontints.- Fires and Explosions of a General Character — 
Dangers arising from Sources of light and Heat— ihingerons Gases.— lUsks Atteudlnc 
Speoal Industries. — Materials Bmployed. — Anicultural Products.— Fata, Oils, and 
Kesins.- Mineral Oils and Tar.— Alcohol, ^c— Metals, Oxides, Acids, Ac.— llgbtnlug 
Igiiltlon Appliances, Fireworks. 

"The work affords a wealth of Information on the chemistry of fire and kindred 
topics."— l^£iv aiid Water. 

" A complete and useful survey of a subject of wide Interest and vital importance."— 
OU und Coiourman'e Journal. 



LONDON: CHARLES GRIFFIN & CO.. IIMITEO. EXETER STREET, STRAND. 



78 CHAHLKS GRIFFIN ^ OO.'S PUBLIC ATlOHrS. 

Fourteenth Edition, Thoroughly Revised. The Appendix on Sanitary 
Law being Entirely Re-Written for this Edition. Price 6s. 

PRACTICAL SANITATION: 

4 HAHD-BOOK FOR SANITARY IM8PEGT0R8 AND OTHERS 

INTERESTED IN SANITATION. 

By GEORGE REID, M.D., D.P.H., 

Fttitm, Mtm, CatmcU^ ami ExtumntTt Stmitarv InsHiuU e/ Grtmi Sritam. 
and MhUcoI Officer U tk* Staffardtkirt CewUy CctmciL 

TRAitb an BppenDU on Sanftars Xaw. 

By HERBERT MAN LEY, M.A., M.B., D.P.H., 

Barrisifr-at-Law. 

Grnbral Contbnts.— Introduction.— Water Supply: Drinking Water, PoUudoa o( 
Water.— Ventilation and Wanning. — Principles of Sewage Removal. — Details of Drainage ; 
Refuse Removal and Disposal.— Sanitary and Insanitary Work and Appliances. — Details of 
Plumbers' Work. — House Construction. — Infection and Disinfection.— rood, Inspection of ; 
Characteristics of Good Meat; Meat, Milk, Fish, &c, unfit for Human Food.— Appendix : 
Sanitary Law ; Model Bye-Laws, ci:c. 

" A VBRY USEFUL HANDBOOK, with a very useful Appendix. We recommend it not only to SANITARY 
INSPECTORS, but to Householders and all interested in Sanitary Matters."— ^anf/ar^ Record. 



In Handsome Cloth. With 53 Illustrations. 3s. 6d. net. 

LESSONS ON SANITATION, 

By JOHN WM. HARRISON, M.R.San.L, 

Mem. Incor. Assoc. Mun. and County En^neers ; Surveyor, Wombwell, Yorks. 

Contents. — Water Supply. — Ventilation. — Drainage. — Sanitary Building Construction. — 
Infectious Diseases. — Food Inspection. — Duties of an Inspector of Nuisances and Common 
I<odging- Houses. — Infectious Diseases Acts. — Factory and Workshop Acts. — Housing of 
the Working-Classes Act. — Shop Hours Acts. — Sale of Food and Drugs Acts. The Mar- 
garine Acts. — Sale of Horseflesh, &c.. Rivers Pollution. — Canal Boats Act. — Diseases of 
Animals. — Dairies, Cowsheds and Milkshops Order. — Model Bye-Laws. — Miscellaneous. — 
Index. 

''Accurate, reliable, and compiled with conciseness and care.'* — Sanitary Record. 



Second Edition, Revised. In Crown 8vo. Handsome Cloth. Profusely 

Illustrated. Ss. 6d. net. 

SANITARY ENGINEERING: 

A Praetioal Manual of Town Drainage and Sewage and Refuse DiapoMtU. 

For •anltary AiittiorltlM, Englnters, Inapeotors, Arohltoo u , 
Oontrftotors, wmI Stintonts. 

By FRANCIS WOOD, A.M.Inst.C.E., F.G.S., 

Borough Engineer and Surveyor, Fulham ; late Borough Engineer, Bacup, Lanes. 

aSNERAL OONTENTS. 

Introduction. — Hydraulics. — Velocity of Water in Pipes.— Earth Pressures and Retaining 
Walls. — Powers. — House Drainage. — Land Drainage. — Sewers. — Separate System.— Sewage 
Pumping.— Sewer Ventilation.— Drainage Areas — Sewer*, Manholes, &c.— Trade Refuse.— 

Sewage Disposal Works. — Bacterial Treatment Sludge Disposal. — Construction and 

Cleansing of Sewers.— Refuse Disposal.— Chimneys and Foundations. 

" The volnme bristles with informatioa which will he greedily read by those in need of assistance. The 
book is one that oufpht to be ou the bookshelves of bvbry practical khGIITRRK,' —Sanitary journal. 

•• A VBRfTABLB POCKBT COMPBNDIUM of Sanitary Enfirineering. ... A work which may, la 
many respects, be considered as COMPLBTB . . comubndably CAUTIOUS . . . iNTBaBSTIliC 
. . . SMGGBSTVfU:'— Public HeaUh Bturineer 

iONDON : CHARLES GRIFFIN A CO., LIMITED, EXETER STREET, STRANIX 



0HEM18TRY AND TBCHNOLOOT. 79 

SiEGONp Edition. In Large %vo. Handsome Oloth, Beautifully 
Illustrated. With Plates and Figures in the Text, 21s, net, 

EOAD lAKIHG AHD HAIHTEHiHGE: 

A Practical Treatise for Engineers, Surveyors, and Others, 
With ak Histobioal Sketch of Anoibnt and Modern Phacticb. 

By THOS, AITKEN, AssocM.Inst.O.E., 

Member of the AsBoolaUon of MnoicipAl and Oounty Engineers; Member of the Sanitary 
Inst; Snrreyor to the Ooanty Oonnoil of Fife. Oapar Division. 

WITH NUMEROUS PLATES, DIAGRAMS, AND ILLUSTRATIONS. 

Contents. — Historical Sketch. — Resistance of Traction. — Laying out 
New Roads. — Earthworks, Drainage, and Retaining Walls. — Road 
Materials, or Metal. — Quarrying. — Stone Breaking and HaulM;e. — Road- 
Rolling and Scarifying. — The Construction of New, and the ]&&intenanoe 
•of existing Roads. — Carriage Ways and Foot Ways. 

"The Literary style is izcsLLm. ... A comprbhbrbits and ixcuLSMf Modem Book, an 
UF^fO-DASi work. . . . Should be on the reference shelf of every Mnnieipal and Gonntiy 
engineer or Surveyor in the United Kingdom, and of evety Colonial Sngineer.**— 3^ AmMyer. 



In Handsome Cloth. FvUy Illustrated, 108. 6d. net, 

DUsrrx^ESS rojli> 

TAR MACADAM. 

By J. WALKER SMITH, 

Borough Engineer and Master of Works, Edinburgh. 

C0.SVBXT8.— Necessity for Improved and Standnrd Road Coustruction.— Trt.— StandardlsaUou 
ef Matrix.— Acnrregatu for Macadam — DilTerrnt Modes of Preparing and Laying.— Mechanical 
Mixing.— Effects of Wear, Density, Porosity, Distribution of Weight.— ScavenglDg: Watering and 
Ifainfeenanee. — Camber : Gradient, Noiseleesneas, Hygienic Advantages. — Rolling. — Tract ire 
Bffort— Statistics.— Tar Spraying on Ordinary Macadam Surfaces.- AppmniCKfl.— Isoxx. 



In Demy Svo, Handsome Cloth. With Many Tables, 
THE THEORY AND PRACTICE OF 

EHAIELLIHG ON IRON AHD STEEL. 

By JULIUS GRUNWALD, 

Technical Chemist and Worlcs' Manager. 

CONTBNTS.— lutroductiou.- The Raw Materials.— llie Mixing, Disaolving, and Appli- 
«ation of Enamel.— Heatiiig and Pickling Goods in the Rough.— Correct laying on. — 
Baking Enamelled Ware.— Decoration of Enamelled Objects.— Photo-Ceramics in their 
Application to Enamels.— General and Stntistica) Chapter.— The History of Enamels 
.and their Uses.— Index. 



LONDON: CHARLES GRIFFIN A CO.. LIMITED. EXETER STREET. STRANa 



8o GHARLICS GRIFFIN dt CO:S PUBLICATIONS, 



In Large 8to. Hftndflome Cloth. Profdaely Illastrated. dOs. net. 

A TREATISE ON 

COLOUR MANUFACTURE. 

A Guide to the Prei>aFatlon, Examination, and Application of all the 

Pigment Colours in Practical Use. 

By GEORGE ZERR and Dr. R, RCBENCAMP. 

AUTHORIBBD EHOLISH TRAlfSLATIOK BY Dft. C. ICAYBK, OP BVRODOEP. 

'*ThltoooiprehenBiTeRuide . . . useful and interesting."— Oi7 aiuf Co/o«r rra^ie* 
Jvwmal. 



Fourth Edition, Revised and Enlarged. With Illustrations. 12s. 6d. 

PAINTERS' COLOURS, OILS, AND VARNISHES: 



By GEORGE H. HURST, F.C.S. 

General Contsnts.— Introductory— Thb Composition, Manufacturr, 
Assay, and Analysis of Pigments. White. Red. Yellow and Orange, Green, 
Blue, Brown, and Blade— Lakes— Colour and Paint Machinery— Paint Vehicles 
(Oils, Turpentine, &c., ftc.) — Driers — ^Varnishes. 

^ " A THOROUGHLV paACTiCAL bodt. . . . Satisfactorily treats of the manufiuture of 
oils, odours, and pigments." — Ciumical Trtuui fcurtuU 



In Crown 8yo. Handsome Cloth. With Illustrations. 5s. 

THE PAINTER'S LABORATORY GUIDE. 

A Student's Handbook of Paints, Colours, and Varaishes. 

By GEORGE H. HURST, F.C.S. 

Abstract op Contbnts. — Preparation of^ Pigment Colours. — Chemical Principles 
[nn^Tttd.— Oils and Varnishes. — Properties of Oils and Varnishes. — Tests and Experiments. 
— Plants, Methods, and Machinery of the Paint and Varnish Manufactures. 

"This excellent handbook, . . . the model of what a handbook should \iic."—OUty 
Cdourti and Drytait»rUt, 



Third Edition, Revised. In Crown 8vo. extra. With Numerous Illustra- 
tions and Plates (some in Colours), including Original Designs. 12s. 6d. 

Painting and Decorating: 

A Complete Practical Manual for House 
Painters and Decorators, 

By WALTER JOHN PEARCE, 

LKOTUEKR AT THB 1UHOHB0TBB TBCBVICAL BOBOOL FOB HODBB-PAniTDrO AND DBOOBATUQ 
" A THOROUGHLY USEFUL BOOK . . . GOOD, SOUND, FBAOTIOAL INFOR- 

if ation in a clear and concise voku."— Plumber and Decorator. 

** A THOBOUGHLT GOOD AND RELIABLE TEXT-BOOK. . . . So FULL and 

ooKPLETE that it would be difficult to imagine how anything further could be 
added about the Painter s cxB,ft.^*—BuUdertr Journal. 



LONDON: CHARLES GRIFFIN A CO., LIMITED. EXETER STREET, STRAND. 



CHSMI8TR7 AND TECHNOLOQT. Si 

Second Edition. In Large 8vo. Handsome Cloth. With 4 Plates 

and Several Illustrations. 1 6s. net. 

THE CHEMISTRY OF INDIA RUBBER. 

A Tpeatise on the Nature of India Rubbep, its Chemical and Physical Examina- 
tion, and the Detopmination and Valuation of India Rubber Substitntes. 

Including the Outlines of a Theory on Vulccmiaation, 
By carl otto WEBER, Ph.D. 

" Replete with scientific and also with technical interest. . . . The section on physical' 
pfropoties is a. complete ritwni of erery thing known on the subject." — Indta-TtAberjmtmaL 



In Handsome Cloth. Fully Illustrated. 

THE MANUFACTURE OF RUBBER GOODS. 

By ADOLF HEIL and Dr. W. ESCH. 
Translated by EDWARD W. LEWIS, A.C.G.I., F.C.S.. 

Chemist to Messrs. J. G. Ingram & Son, London. 

Gbnbral Contsnts. — Raw Material and its Preparation. — Vulcanisation. — Rubber 
Mixings. — Manufacture of Soft Rubber Goods. — Manufacture of Hard Rubber Goods. 
— Regeneration of Waste Rubber. — Specific Gravity of Rubber Goods. — Indbx. 



In Lai^e Crown 8vo. Fully Illustrated. 5s. net. 

AND THEIR ALLIED PRODUCTS, 
A PraottotU Handbook for the Manufacturer, Agrieulturlst, and Student of Technology. 

By THOMAS LAMBERT, 

Analytical and Technical Chemist. 

Contbnts.— Historical.— Glub.— Gelatine.— Size and Isinglass.— Treatment of Efflu- 
ents produced in Glue and Gelatine Making.— Liquid and other Glues, Cements, &c.^lJses 
of Glue and Gelatine. — Residual Products. — Analysis of Raw and Finished Products.— 
Appendix.— Index. 

** A sufficient account of modem methods of working, chiefly from a practical standpoint. 
A book . . . of real value."— CA«M«r/»/^irz(tf. 



In Large 8vo. Handsome Cloth. Fully Illustrated. 15s. net. 



A Praetleal Manuat on the Analysis of Materials and Finished Products. 
By S. R. TROTMAN. M.A., F.I.C., 

Public Analyst for the City of Nottingham, Member of the International Association 

of Leather Trades' Chemists. 

Synopsis op Contents.- Standard Solutions.— Acids, Alkalies, &c— Water.— Depilation 
and Deliming. — Fleshings, &a— Glue. — Spent Liquors.— Mineral and Vegetable Tanning 
Agents. — Oils. — Soaps.— Varnishes. — Skin. — Leather. — Dyestuflls — Degreasing Agents.— 
Effluents. — Glossary. — Index. 

** Mr. Trotman has admirably succeeded in his aim. . . . Practically every section 
the leather trade chemistry is gone into." — Leather Trades' Revievt. 



In Large 8vo. Handsome Cloth. With Plates and Illustrations. 7s. 6d. net. 

THE MANUFACTURE OF INK. 

A Handbook of the Production and Properties of Printing, Writing, and Copying Inks. 
By C. a. MITCHELL, B.A., F.I.C., F.C.S., & T. C. HEPWORTH. 

"Thoroughly well arranged . . . and of a genuinely practical order." — British PrimUr. 

LONDON: CHARLES GRIFFIN ft CO.. LIMITED, EXETER STREET. STRAND 
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Skcond Edition, Thoroiughly Revised I'krotighout. In Two Large 

t'oluines. Handsome Cloth. 

A MANUAL OP DYEING s 

fOR THE USE OF PRACTICAL DYERS, MANUFACTURERS, STUDENTS. 
AND ALL INTERESTED IN THE ART OF DYEING, 

BY 

B. KNECHT, Ph.D., F.LC, CHR. RAWSON, F.I.C.* F.C.S., 

BMdof th* GbcDilitiT u^d I>r«lnc l>e|Mrtai«it of Late Hasd of the GhamlitrT and Dy^riag DvptflmM't 
ilM TMibnloal Bdhool, lUnohwton Bdltor of "Tho of the Teehnioal OoUms, BnuUovd : Mamter 
lowBjJof thoSootoiyof DTanttnaGokmrlsto;" Ooaaall <rf tti* Boclatr n l>7«n and Ooiooilali^ 

And RICHARD LOEWENTHAL, Ph.D. 

Gknkral Contsnts.— Chemical Technology of the Textile FabricH— 

Water — Washing and Bleaching — AcidB, Alkalies, Mordants — Natural 

Oolonring Matters— Artificial Or^^anic Colouring Matters— Mineral Colour* 

— Machinery used in Dyeing — Tinctorial Properties of Colouring Matter* 

Analysis and Valuation of Materials used in Dyeing, &c., Ac. 

" Th\B aathorltative and eztiaiutlve work . . . the uon oohplbtk we have ym aeob 
en the sabjeot"— 2Varttl< Man^faeturtr. 



In Large 8vo, Handsome Cloth, Pp. i-xv + 4OS. 168. net, 

THE SYNTHETIC DYESTUFFS, 

AND 

THE INTERMEDIATE PRODUCTS FROM WHICH THEY ARE DERIVED. 

By JOHN CANNELL CAIN, D.Sc. (Manchester and TtTBiNOEN), 

Technical ChemiBt, 

And JOCELYN FIELD THORPE, Ph.D. (Heidelberg), P.R.S., 
Lecturer on Colouring Matters in the Victoria University of Kanchester. 

Part I. Theopetieal. Part II. Practical. Part III. Analytical. 

*' We have no hesitation in describing this treatise as one of the most valuable books 
that has appeared. . . . Will give an impetus to the study of Organic Chemistty 
generally.' —CAemieo/ Irade Journal. 



Companion Volume to Knecht d: Raioson'a ** Dyeing. " In Large 8vo. 
Handsome Cloth, Library Style, 16s. net. 

A DIOTIONAKY OF 

DYES, MORDANTS, & OTHER COMPOUNDS 

USED IN DYEING AND CALICO PRINTING. 

With Formula, Properties, and Applleatidns of the oarious substances described, 

and concise directions for their Commercial Valuation, 

and for the Detection of Adulterants. 

By CHRISTOPHER RAWSON, F.I.C., F.C.S., 

CoDBoltlng Chemist to the Behar Indigo Planters' Association : Co-Author of " A Manual 

of Dyeing ;" 

WALTER M. GARDNER, F.C.S., 

Head of the Department of Chemistry and Pyeing* Bradford Manicipal Technical College; 
Editor of the " Joam. 80c Dyers and Coloarists ; " 

And W. F, LAYCOCK, Ph.D., F.C.S., 

Analytical and Consulting Chemist. 
"Turn to the book as one may on any subject, or any substance in connection with tlie 
trade, and a reference is sure to be found The authors have apparently left nothlnir out ** 
^Textile Mercury. 

LONDON: CHARLES GRIFFIN A CO.. LIMITED. EXETER STREET. STRAND. 



THE TJUXTILE INDUSTRIES. 83: 

In Grown 8vo. Cloth. With Nnmeroos IHustrations. 68. net. 

THE COTTON WEAVERS' HANDBOOK. 

A Praetloal Qutde to the Conatruetion and Costing of Cotton Fabrics, 

with 8tud(o9 in Design, 

By henry B. HEYLIN, 

Of the Koyal Technical Institute, Salford. 

OoxTBNTs —Weaving.— Deslfninff. — Weave*. —The Power Loom and ite AcceMoriea. - 
^alyelnc or Dlesectlon of the Cloth. — Cloth Quoting or Gotting. —Division of the Cotton- 
Indn-try In England.— Yams for Manafaoturing Purpoees.— The Selection of ^'arp Yarns 
and Yarn Testing.— Bead and Heald Counting and Oaloulatlons.— Important Labour 
Units in a Weaving Mill.— Miscellany. -Illustrations of Machinery.— Examination Quos- 
lions.- Ikdkx. 

»' Mr. Heylin's text-book is a very reliable one. It is dil&oult to mark out any special 
points among so much exoellent mutter."— />|fera«Ml Calieo Frinter, 



Large 8vo. Profusely Illustrated with Plates and Figures in the Text. 

168. net. 

THE SPINNING AND TWISTING OF LONG 

VEGETABLE FIBRES 

(FLAX, HEMP, JUTE, TOW, d( RAMIE). 

A Praetieal Manual of the moat Modern Methods as applied to the Haehllng, Carding 
Preparing, Spinning, and Tutlsting of the Long Vegetable Fibres of Commerce. 

Bt HERBERT R. CARTER, Belfast and Lille. 

QBNnuL CoNTBNTS.— Long Vcffetable Fibres of Commerce.— Rise and Growth of 
the Spinning Industry.— Baw Fibre Markets.— Purchasing Saw Material.— Storing and 
Preliminary Operation8.—Hackling.— Sorting.— Freparing.—Tow Carding and Mlzing.— 
Tow Combing.— Oill Spinning.— The Boving Frame.— Dry and Demi-sec Spinning.— Wet 
Spinning.— Spinning waste.- Yam Seeling.— Manufacture of Threads, Twines* and 
Cords.— Sope Making.- The Mechanical Department.— Modem Mill Gonstractlon.- 
Steam and water Power.— Power Transmission. 

" Meets the requirements of the Mill Manager or Adranced Student in a manner 
perliaps more than satisfactory. . . . We must highly commend the work ss repre- 
senting up-tO'date practice."— ilTature. 

In Large 9vo, Handsome Cloth, with Numerous lllustreUions, 9s, net. 

TEXTILE FIBRES OF COMMERCE. 

A HANDBOOK OF 

The Occuprence, Distribution, Preparation, and Industrial Uses of the 
Animal, Vegetable, and Mineral Products used In Spinning: and Weaving 

By WILLIAM I. H ANNAN, 

Lecturer on Bouny at the Ashton Municipal Technieal School, Lecturer on Coitou 
Spinning at the Gborley Soienoe and Art School. Ac. 
** OssFUL Imfobmatiok. . . . AnioKABu iLLUSTBanoHs. . . ."-^TexiUe Reeorder. 



In Large 8vo, with Illustrations and Printed Patterns. Price aii, 
A PBACTIOAIi MAirTTAIi. 

Insliidiiig the Processes Used in the Printing ot 
COTTON, "WOOLLEN, SILK, and HALF- 
SILK FABRICS. 
By C. F. SEYMOUR ROTHWELL, F.C.S., 

¥€m. 4oe. €/ (Ami. ind. ; tat* LeUurwr at the Mwmie. T$eh. Sekeel Mamehetttr. 
" Bt fab thb anr and most ptaonoaL book on tbxtilb rBDrmia which haa vet been 
hronght OBt. and will long remain the standard work on the subjeet **—gfar<Ct i/ereurf. 
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S4 GHARLES QRIFFIN A GO.'S PUBLICATIONS, 

Large 8vo. HandBome doth. 12i. 6d. 

BLEACHING & CALICO-PRINTING. 

A Short Manual for Students and 

Practical Men. 



By GEORGE DUERR. 

lehing. Dyeing, and Prlnttng Department at the Aoo 
Teehnleal Schools : OhenUat and Oolonrlal at the InreU Print Worka. 



Olreotor of the ineaehing. Dyeing, and Printing Department at the Aoorington and Baeap 
"■''"* "" ' " ^ ■ worl 



Assisted by WILLIAM TURNBULL 

(of Tomball A Stoekdale, Limited). 

With lUufltratioiis and upwarda of One Hundred Dyed and Printed Pattern* 
designed speoially to show various Stages of the Proo eose a described. 

GENERAL CONTENTS.— Cotton, Composition of; Blxaohino, New 
Prooessee ; Pkintino, Hand-Block ; Flat-PrMi Work ; Machine Printing— 
Mordants— Sttlxs ow Calioo-Printino : The Dyed or Madder Style, Resist 
Padded Sl^le, Diflcharge and Extract Style, Chromed or Raiaed Coloura, 
Insoluble Colours, &c. — Thickeners — Natural Organic Colouring Matters 
— Tannin Matters — Oils, Soaps, Solvents — Organic Adds— Salts — Blineral 
Colours— Coal Tar Colours— Dyeing— Water, Softening of— Theory of Cdoun 
—Weights and Measures, ftc 

*' When a sbadt way oat of a difflcolty la wanted. It Is is books uki viis that it is foaBd."— 
Itetite Aeorder. 

*'Mr. Dvsna's wosk will be found most ubbful. . . . The Information given is of oria* 
9ALDB. . . . The Recipes are TBOBOVOHIT paAoriCAL."~TMsMI« Jran«/tac(tir«r. 



In Handsome Cloth. With 7A Illustrations. 5s. net. 

DYEING AND CLEANING. 

By frank J. FARRELL, M.Sc, &c. 

Genkral Contents. — Technology of the Textile Fibres. — Dry 
Cleaning. — Wet Cleaning. — Dyeing. — Dry Dyeing. — Special Methods, 
Cleaning and Dyeing Skin Rugs, Feathers, and Hats.— Finishing. -> 
Appendices. — Index. 

•• a timely and valuable oontributiou . . . well got up In every way."— Dy«r and 
Calico Printer. 
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INTRODUCTORY SCIENCE SERIES. 85 

" BOJB OOUIiD HOT HAYm A MOKB ALLUMNG IHTRODUOTIOV tO aoIenUflO porsillU 

than theae ohanntng>lookiiig ▼olamet."->Iietter to the Pnbllahan from the Head- 
mattOT of one of our great Pablio Ekshooli. 

Handaome Cloth, Ts. 6d. Gilt, for Presentation, Ss. 6d. 

OPEjl-MH STUDIES I]l 60TA]1Y: 

SKETCHSS OF BKITISH WILD FLOWEBS 

IN THEIB HOKES. 

By R. LLOYD PRAEGER, B.A., M.R.LA. 

Illustrated by Drawings from Nature by S. Rosamond Praeger, 

and Photographs by R. Welch. 

GknbbaIi Ck>NTBirra. — A Dusy-Starred Pasture — Under the Hawthoma 
—By the River — Along vhe Shingle~-A Fragrant Hedgerow— A Conneoiara 
Boff — Where the Samphire stows — A Flowery Meadow — Among the Com 
(a Stndy in Weeds) — In the Home of the Alpines — A City Rnbbish- Heap- 
Glossary. 

"A FB18H AVD sxniULAZDro book . . . should take a high place ; . . The 
IllnatrmtlODa are drawn with much akill."— 7Ae Time$, 

" BlAUTIFULLT ILLUBTRATn). . . . One Of the MOST AOOUSATI u well as 
niTnuBTiHO books of the Und we hare seen."— ilCAafumim. 

"Redolent with the soent of woodland and meadow."— 3^ Standard, 



With 12 Full-Page llluatrationa from Photographs. Cloth, 
Second Edition, Revised. Be. 6d. 

m^Vi STUDIES III GEOItOGY: 

An Introdttetion to Geology Out-of-doors. 

By GRENVILLE A. J. COLE, F.G.S., M.R.I.A., 

Professor of Geology In the Eoyal College of Sdenoe for Ireland, 
and Bzamlner In the XJniTerslty of London. 

Gbkbral CoNTSiiTB. — The Materials of the Earth — A Mountain Hollow 
—Down the Valley — Along the Shore — Aoross the Plains — Dead Voloanoes 
—A Granite Highland— The Annals of the Earth— The Surrey Hills— 1 he 
Voids of the Mountains. 



• !• 



'The lAscniATnio *Opbii-Air ^stddibs' of Paor. Oolb give tbe sabjeet a glow 09 
^viiUAfUm . . . oaonot fall to arouse keen lotereet in gtolos^y.'* ^fftologieal iietgatiiH 
" \ OHABMiKO BOOK, boiiatlfaliy iilosirated '* - Alhenman. 



Beautifully Illustrated. With a Frontispiece in Colours, and Numerous 
Specially Drawn Plates by Charles Whymper. 7s. 6d. 

OPEjl-RItt STUDIES IH BIRD-LIFE: 

SKETCHES OF BRITISH BIRDS IN THEIR HAUNTS. 
By CHARLES DIXON. 

The Spacious Air. — The Open Fields and Downs. — In the Hedgerows.— On 
Open Heath and Moor.—On the Mountains. — Amongst the Evergreens.— 
Copse and Woodland.— By Stream and Pool- The Sandy Wastes and Mud 
flats.— rSea>laved Rooks.— Birds of the Cities.- Indkx. 

" Enriched with excelleac illustradoiis. A welcome addition to all libraries." — fF/st- 
m< HsUr Rrvitw. 
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CHARLES GRIFFIN d: CO.'S PUBLICATIONS. 



Twenty-fifth Annual Issue. Handsome ohtti, 78. 6d. 

(To Subscribers, da.) . 

THE OFFICIAL YEAR-BOOK 

or THB 

SCIENTIFIC AND LEARNED SOCIETIES OF OREAT BRITAIN 

AND IRELAND. 

OOMPILBD FBOX OmOIAL 80U&0B8. 

OompH9lng {together with other Official information) LISTS of tht 
PAPERS read during the Seaaion 1907-1908 before aii the LEADING 
SOCIETIES throughout the Kingdom engaged in the foilowing Depart- 
menta of Reaearoh .*— 

{ 6. Eamomic Sdenoo and Statistics. 

\ f. Mechanical Sdenoe, Snginaering, and 

Aicliit0ctim> 
{ 8. Navaland Mjlitair Scmooo. 
§ 9. Agricultura and Hocticnltiira. 
§ la Law. 
% IX. Literature 
I xa. Psychology. 
1x3. Aichaolocy. 



I X. Sdeoce Generally: iji.. Societies occupy- 
iiur themselves with several Branches of 
Science, or with Science and Literature 
jointly. 

fa. luthematics and Physics. 

I I. C3iemistry and PhotqEiaphv. 

S «. Geology, Geography, and If inerakgy. 

I u Biology, including Microscopy and An- 
thropology. 



1x4. Mbdicinb. 



"Fills a very real want." — Engifuering, 

" Indispensable to any one who may wish to keep himself 
abreast of the scientific work of the day." — Edinburgh Medical 
foumal. 



« 



The Ybas-Book or SocnrriBS is a Record which ought to be of the greatest use tm 
the progress of Science." — £.»nf PImrfair, F.RJi,^ K.C.B,, M,P,, Pmtt-PrttuUnt #/ tk* 
BHUtk At»ociat%on. 

"It goes almost without saying that a Handbook of this subject will be in tint' 

one o ^^fry ,°y*^iyfP^i ""»! TCilifi ^^''^iffr* ^i^P^iCi ^1 ^fe'J^' ■"~^'** ^*''***' 

" British Societies are now weU repnseutea !n the * Year^Book of the Scientific aao 



I l e pr ese u l 

Learned Societies of Great Britain and Irelaod!'"— (Ait. 
" Encydopsedia Britannica," vol. zxii.) 



If 



Societies'' in New Edition o* 



Copies of the First Issue, giving an Account of the History, 
Organization, and Conditions of Membership of the various 
Societies, and forming the groundwork of the Series, may still be 
had, price 7/6. Aiso Copies of the Issues following. 



The vjAR-Booi^i^ociBTiBs forms a complete index to the scibwtific work of the 

teitsiona^ea^^n^vanou^)epartments. It is used as a Handbook in all our greak 
Scientific Centres, Museums, and Libraries throughout the Kingdom, and has become- 
an INDISPENSABLE BOOK OF REFERENCE to every Ottc engaged in Scientific Work. 
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